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Abstract:  
Healthy homeostasis is a principal driving force of the dynamic equilibrium of living organisms. The 
dynamical basis of homeostasis is the complex and interconnected feedback mechanisms, which are 
fundamentally governed by the nervous system, mainly the balance of the sympathetic and 
parasympathetic controlling actions. The balancing regulation is well presented in the heart’s sinus 
node and can be measured by the time-domain heart-rate variation (HRV) of its frequency domain to 
analyze the constitutional frequencies of the variation. This last is a fluctuation that shows 1/f time 
fractal arrangement (f is the composing frequency). The time-fractal arrangement could depend on the 
structural fractal of the His-Purkinje system of the heart and personally modify the HRV. The cancers 
gradually destroy the homeostatic harmony, starting locally and finishing systemically. The controlling 
activity of vagus-nerve changes the HRV or the power density spectrum of the signal fluctuations in 
malignant development, presenting an appropriate control of the cancerous processes. The modified 
spectrum by a non-invasive radiofrequency treatment could arrest the tumor growth. An appropriate 
modulation could support the homeostatic control and force reconstructing of the broken complexity. 
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1. Introduction 
 
Homeostasis is the vital basis of the dynamic stability of living organisms. The network of negative and 
positive feedback reactions creates the backbone of complex regulatory processes. The synergy of chemical 
and physical actors generates homeostasis in a stochastic harmony. The water is a mandatory constituent. 
The aqueous electrolytes provide the active fundament of various changes in the living systems. The water 
molecules participate in the harmonization of the complex processes in the separated solutions. The cellular 
lipid structures (membranes) and some specialized tissues divide the electrolytes, but at the same time, 
these surfaces regulate most of the chemical reactions for living equilibrium by intensive dynamic processes 
of various ionic exchanges and electromagnetic forces. 
 
The control of the stochastic regulatory processes has highly self-organized accuracy creating the 
appropriate products, but some perturbances could disorient the standard mechanisms. The homeostatic 
system has a variety of tools to correct errors. A significant challenge arose when the collaborative networks 
were disrupted, and the natural processes could not correct this fault. Such complication happens in the 
development of malignancy, driven by the unicellular individualism of the involved cells. The malignant 
structure breaks the multicellular organization (healthy networking). The autonomous cells adapt to the 
challenges and avoid homeostatic control. These cells hide their erroneous structure, imitate a wound, and 
force the homeostatic control to heal, support them [1]. This activity changes the micro and macro 
environment of the malignant cells,disorganizing the network and the harmonic interactions of the 
multicellular structure. Due to the high individual energy demand, these cells use a primitive transcriptional 
program [2]. The tumor organizes a unicellular autonomy to safeguard the survival of the “colony” of 
malignant cells [3]. The healthy host provides active support to cancer, trying to “heal” the abnormality. Neo-
angiogenesis, induced injury current, and numerous other boosts appear, guided by misled general 
homeostatic regulation of the body. 
 
Cancer starts locally but becomes systemic when the structurally and dynamically disordered tissue appears 
in the body. The dynamic control is not able to repair the local malignant development due to various reasons: 
genetic aberration [4], mitochondrial dysfunction [5], and other intra [6] and extracellular [7] hallmarks of 
cancer. Furthermore, the permanent uncontrolled stress [8], the recognition of the lesion as an unhealed 
wound [9], the permanent inflammation [10], and the missing apoptotic activity [11] worsen the situation. 
 
Cancer is the disease of the multicellular system disrupting the organized network, exchanging the 
cooperative advantages to the selfish individual demands [12]. One therapeutic help could support 
multicellular harmonic control, boosting the standard natural homeostatic regulation for effective action. 
The task is as complex as life itself, so the external actions are limited. We do not expect any changes from 
the therapy alone. The intention is only backing the natural control to do the job. Our approach is an 
electromagnetic action [13]. The fundamental tool for this task is the amplitude-modulated radiofrequency 
(RF) carrier with 1/f spectrum, which supports the homeostatic multicellular harmony, helps to correct the 
malignant lesion’s cellular disorder, and induces apoptosis of the malignant cells. The forcing cooperative 
harmony may influence the precancerous cells to return to the healthy network. Our objective is to study this 
possibility considering the personalization of the modulation. 
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2. Method—The 1/f Spectrum 

 
2.1. Embedded Bifurcation Dynamism 

 
The control of life reaction has stochastic feedbacks [14], which drive all the processes in complex, embedded 
structures. Positive feedback is a process to generate a specific new product or state, with a point of no 
return. The positive feedback mechanisms are usually complex and have some intermediate potential wells 
keeping the process controlled and avoiding the expansive quick unregulated outcome. A characteristic 
example is the catabolism of humans, where the positive feedback is driven with the never-resting electrons: 
“Life is nothing but an electron looking for a place to rest” [15]. In the metabolism of the eukaryotic cells, the 
glucose has a degradation, and finally, the process ends in CO2 + H2O products, while the liberated energy 
kept the cells living Figure 1. 
 
The positive feedback has no direct general balancing, but the subsequent steps in this have metastable 
positions, requiring some extra energy to overcome the barriers. The simplest and most common negative 
feedback regulation processes in a living system have two opposite regulation effects: the promoter and 
suppressor balance each other. This balancing process compensates for the opposite factors, fluctuating 
between two possible states Figure 2. When the negative feedback is out from the pre-set limits, the process 
becomes unbalanced, the negative feedback weakens, and a sign of irregularity appears. The bifurcation 
potential wells usually have a longer chain of embedded bifurcations as part of the complex process. In this 
way, the complexity develops a multifurcation system at the level of the entire living organism. 
 
 

 
(a) (b) 

 
Figure 1. The approximate “degradation” of glucose to the final molecules CO2 + H2O of catabolism. All 

peaks are transition states assisted by devoted enzymes, and the wells are metastable intermediate states. 
 

The primary step of the embedded multifurcation starts with the water structure. The hydrogen bridges allow 
a chain transport of H+ ions, creating a fundamental mechanism in living systems [16]. The proton tunneling 
(jumping) between the water molecules forms low dissipation ionic transport (the proton migrates) [17] [18]. 
The involved ion multifurcates in the potential wells of the chain connected by the bifurcative hydrogen 
bridges, connecting the water molecules dynamically. Such construction from bifurcative to multifurcative 
connection appears in the whole organism following the hydrogen-bridge mechanisms [19] [20] [21]. The 
bifurcative steps appear in structural connections of the DNA helix connecting the nucleotides, which may 
cause protein’s bending and be involved massively in the stochastic processes of life. Self-organized 
processes connect the bifurcation steps, which are arranged in fractal structure Figure 3. 
The amplitudes of the harmonically oscillated particles of the bifurcative potential wells in the self-
organized setting form a Cantor set, which is in mathematical expression: 
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where r is the section removed from the middle of the Cantor’s template. The vibration produced by the k-th 
bifurcation-set (multifurcation) has the following shape 
 

 
 

The power spectrum of the vibration superimposed on these in the case where fk is a multiple of f1 
fundamental frequency. The average of x2 is: 
 

 
 

Figure 3. The self-similarity produces the embedded multifunction system. Stochastic resonances promote 
the bifurcation steps. The probability distribution follows a Cantordust fractal. 

 

 
 

This is a discrete power spectrum, but their amplitudes follow the assumed 1/f pink noise (4). In the above 
described discrete subsequent embedding, the particles oscillate in one dimension and are independent from 
each other. However, the reality differs. The oscillation is three-dimensional. All the directions of the space 
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could be active, and these oscillating dimensions could be dependent. Weak interactions connect the wells, 
forming networks and dynamical harmony. The net of the weak interactions ensures a stable system with 
low vulnerability [22]. The natural overlaps create a continuous 1/f spectrum, even in this simple model. Self-
similarity and self-organization are the general features of the living system, generalizing pink noise in 
stationary random stochastic processes [23]. 
 
The living systems are far from thermodynamical equilibrium, seeking to realize the lowest available energy 
with the highest efficacy in dynamic stability (homeostasis), balancing the energy incorporation and the 
energy combustion. The natural processes seek to minimize their energy consumption, using the least-action 
principle, which drives the biological processes and the biological evolution. 
 
2.2. The Frequency-Order 

 
The living systems show 1/f noise in homeostasis, a distribution of the stochastic processes keeping the 
system in dynamic equilibrium. However, this character does not identify the system because the 1/f is a 
spectrum, a distribution of the frequencies by their power density, without the time series of signals in the 
organism. The time-dependence vanishes with the Fourier transformation, and the obtained power density 
gives general information like the status of self-organizing, the scaling, and the dynamic equilibrium of the 
body; the time-function disappears. Some general info about the interaction chains could be derived from the 
autocorrelation function, but the actual time-dependent signal remains hidden. 
 
The 1/f frequency spectrum is a distribution, which defines various frequencies, taking no attention to their 
sequences in the actual signal. For example, most musical pieces have near 1/f distribution, but they are, of 
course, very different in their musical sounds. The frequency distribution does not inform us about the 
temporal sequences of the frequencies. However, the temporal signal is used for modulation, so derive this 
information from the spectral density function to increase the theranostics approach’s efficacy and accuracy. 
Facing this problem, study first the power spectrum of pink noise, assuming a trivial, energetic criterion for 
self-similarity. When f (t ) is a self-similar function on the whole real axis, we know: 
 

 
 

when the function in (8) is chosen as integrally quadratic: 
 

 
 

The used |f (t )| is the absolute value of the signal allows complex functions. This is physically a possibility to 
examine self-similar function pairs. The above criterion for physical signals usually means that the energy of 
the signal is finite. This is true of all physically meaningful signs [24]. Note the integral of the quadratic 
function with E: 

 

 
 

with substitution of E from (10) to (11): 

 
 

Below we prove that Equation (12) leads to the 1/f power spectrum. The quadratic integrity (finite energy 
signals) has a Fourier transform, which is also self-similar in a frequency domain, so: 
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Hence the power spectrum of the self-similar finite energy signal is 1/f . Note that the signal can also be 
deterministic, and even as we show below, the theorem does not apply to stationary noises in the above form. 
In the case of the principle of infinitely long stationary self-similar signals, finite energy cannot be 
guaranteed. In this case, the physically meaningful claim is the finiteness of the average: 
 

 
 

The repeated above calculation resulting (12), the average power of (15) delivers the same result, namely that 
the power spectrum of the self-similar signals with finite average power is 1/f . We have to make some 
theoretical remarks and move on to ergodic signals and correlation functions to discuss the stochastic 
processes in the above way. In the case of stationary ergodic signals, the correlation functions can be formed 
from each representation by forming the following limit value: 
 

 
 

Because we assumed finite mean performance, this correlation function exists. Introduce the notation for the 
T-length representation of the signal. This is defined as: 

 
 

The average power density of T-length representations approaches the Fourier transformation. Based on 
this, it might be supposed that every single being’s autonomic nervous system produces an individually coded 
1/f homeostatic noise. 
 
In this sense, we can talk about personalized 1/f noise. Transform of the autocorrelation function [26], so 

 
Conversely, the inverse Fourier transform of the average power density is the autocorrelation function, so 

 

 
 
expression, which is the Wiener-Khinchin theorem for stochastic signs. As shown above, the Fourier 
transform of the self-similar signal is a self-similar signal in the frequency domain. With the substitution in 
(21): 
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Like it is shown in (24) that each 1/f signal differs in the distribution (power spectrum) of a random variable 
in phase. Since the phase is the carrier of the information, its distribution determines the signal’s temporal 
form, which allows a better understanding of the step-by-step changes of the signal in the biological 
processes, while the power spectrum gives systemic information. 
 
The scaling of the power density by frequency is a piece of general information about the system. The 
cancerous lesion is a local disorder that hurts the standard healthy conditions. Consequently, cancer cannot 
accept harmonic modulation. The signal attacks the cells by absorbing energy, while in the healthy harmonic 
tissues, these absorptions are much weaker, keeping the harmony in proper rhythm. 
 
It is essential to identify when the system does not work correctly, so have tissues out from the overall self-
organized control. The general request of the homeostatic harmony can be forced by a compulsory force by 
the 1/f signal. The following ways could personalize the general harmonization attempt: 
 

1) Apply a 1/f random spectrum. This spectrum generates the frequency components randomly, but 
their distribution is strict. This method well shows the general harmony of the homeostasis, but no 
information about the actual processes in the molecular reactions of the cells. However, with the 
relatively high frequency (in the audio range up to 20 kHz, which changes 20.000 times in a second) 
and the vast number of enzymatic reactions, this method satisfactorily approaches reality stochastic 
meaning. The reactions occur in a randomized fashion in a large target. There are stochastically 
several proper excitations from the few billion excited molecular reactions. This is presently the best 
harmonizing approach. 

 
2) Measure one of the personal electric signals (like heart rate, nerve-activity), and apply it as a 

compulsory modulator. This approach is very personal, but the signal depends on the patient’s actual 
state, stress, mood, or the development of the disease, so it may be that its power density function 
deviates from the ideal 1/f scaling. In such a case, the modulation is suboptimal. 
 

3) The local physiological signals could detect the target-oriented control signal. This method could 
compare the harmonic healthy host tissue with the anharmonic malignant tumor. This simple 
principle, however, has complications: 
 
a) The non-invasive impedance measurement is inaccurate, depends on many internal and external 

modifying factors, so it is unsatisfactory. If the impedance measurement is not accurate, then 
why accurate enough treatment with a non-invasive impedance basis? The treatment uses a 
high-frequency carrier of the modulation, and the radiofrequency delivers the information to the 
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target, and the electrical nonlinearity of the cellular membrane applies the info directly to the 
targeted cells. 
 

b) Choosing the control target is not easy in such a complex disease as malignancy, where we have 
no precise information about the systemic effect of the tumor. (The present imaging and 
measuring technique or not cellular accurate.) 

 
c) An electric signal is requested directly from the control target to measure its physiological 

harmony. This is usually the local arterial blood-flow fluctuation. In most cases, it needs invasive 
measurements, and even with this, the accuracy to form an appropriate signal is low. 
 

4) The modulation signal may be applied not only for the treated target but also for the central energy 
supply manifested in the heart rate. The heard delivers the oxygen, nutrients, and electrolyte 
components (including special cells and compounds) which energize the dynamics all over the body. 
The heart-rate variation is the result of the parasympathetic and sympathetic controller signal 
summary in the sinus nodes [27]. The 1/f signal of the vagus nerve could harmonize the overall 
metabolism by nerves’ action and control the oxygen supply by the heart rate, which determines the 
homeostatic stochastic process. 

 
3. Result—The Personalization 
 
The template will number citations consecutively within brackets [1]. The sentence punctuation follows. 
 
The study of biomarkers evaluates the actual status of the organism with possible indications of the presence 
of locally systemically derail of homeostasis, forming pathological condition [28]. A particular group of 
biomarkers is the tumor markers, which refers to an elevated amount of body-identical substance in a 
tumorous patient, while it has only a low amount or not at all in a non-tumor patient. The tumor markers do 
not have enough diagnostic value in prevention, so the biomarkers have emerging importance indicating 
deviation from the healthy homeostatic balance. The deviation of the biomarkers from the healthy standard 
has three values [29], which are especially important for cancer [30]. 
 

1) Diagnostic biomarkers help the accurate analysis [31], and the design of clinical trials [32]; 
 

2) The prognostic biomarkers can indicate the possible prognosis of the disease [33];   
 

3) The predictive markers can inform about the efficacy of the applied therapy [34]. 
 
The medicine practice needs reliable biomarkers indicating a disease/tumor early, showing its growth, 
spreading, being effective, or ineffective in therapy. It is extremely important to assess and monitor the 
general condition of patients during treatment to assess how well they are receiving the therapy they are 
receiving, but we can also obtain the information needed to maintain an adequate quality of life. The 
Karnofsky scale (in the range of 0 to 100, the patient’s state of health), the ECOG system (scale of 0 to 5) may 
be helpful. In addition, questionnaires assessing physical, social, emotional, and functional well-being, such 
as EORTC QLQ-C30 or FACT-G [35]. 
 
According to the present practice, sampling is necessary to determine the prognosis of the cancerous patient. 
The pathologist provides staging and grading based on the standardized categories. The basic guidelines and 
protocols describe a generalized proposal for treating patients considering the pathological results. 
However, the prognostic factors used at present lack stable reliability [36]. Although it would be desired to 
provide personalized prognosis and decision- making, taking into account the patient’s individual 
clinicopathological and psychological status. Any new reliable prognostic factor and connected therapies 
(theranostic methods) are expected to step towards personalized treatment. According to the principal 
considerations [13] [14], and the emerging practices [37], the modulation of a carrier signal could be a reliable 
option of personalized therapy. The application of modulated carrier presently applied mostly on oncology, 
but its non-oncological applications are also possible [38] [39] [40] [41]. 
 
3.1. Systemic Regulation 
 
The homeostatic regulation shows some measurable electric signals for non-invasive detection of its proper 
functioning. The non-invasive detection of biomarkers has an extra advantage: less burdensome for the 
patient and more straightforward for the physician. This practical request emerges the various 
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electromagnetic signal detection, like the Electroencephalogram, (EEG); Electrocardiogram, (ECG); 
Electromyogram, (EMG); Electrooculogram, (EOG); Electroretinogram, (ERG); Electrogastrogram, (EGG); 
Galvanic skin response, (GSR); electrodermal activity, (EDA), electrical impedance tomography (EIT), etc. 
These signals have not only prognostic and diagnostic value but could be active therapeutic option to correct 
the deviations [42] [43] [44] [45]. In the following, we study two undoubtfully systemic regulatory signals: 
the heart rate and the nervous activity. 
 
3.1.1. Vagus Nerve Signal 
 
There are several methods for studying the autonomic nervous system. There are studies based on 
cardiovascular reflexes elicited by provocative maneuvers. Neurotransmitter levels can also be examined. 
The cholinergic part of the autonomic nervous system can be performed, for example, by examining 
sudomotor function (the reaction of sweat glands to various stimuli) [46]. 
 
The vagus nerve has an important homeostatic role. Its efferent position gives regulation signals for many 
muscles and various organs. It participates in the cardiovascular, respiratory, gastrointestinal, metabolic, 
control, and glucose homeostasis (pancreas, liver, kidney) regulation and controls inflammation by the 
spleen [47]. The afferent activity includes a significant part (>80%) of the nervous structure transmitting 
information to the central nervous system about the functioning of the organs of the body [48]. 
 
Several studies proved the therapeutic effect of vagus nerve stimulation (VNS) [49]. The emerging application 
of VNS is transcutaneous, primarily focusing on the auricular branch of the vagus nerve [50]. This non-
invasive method targets several disorders, like migraine, tinnitus, headache, pain, applied in both cervical and 
ear sides. Importantly intensive studies started to clear the possible application of the VNS autoimmune and 
autoinflammatory diseases [51] and immunity [47]. 
 
The importance of studying the autonomic nervous system, among other sciences, is already outlined in 
oncology. Autonomic neuronal dysfunction has been shown to affect 80% of patients with advanced cancer 
[52]. The vagus nerve controls glucose homeostasis [53], which is particularly important for cancerous 
processes. Vagus nerve activity affects tumor growth by inhibiting tumor-promoting mechanisms. The 
significance of its study in a wide variety of tumors is known. The results of several articles show that vagus 
activity may play a prognostic role in cancer. 
 
Tumor cells can take advantage of the benefits provided by factors secreted by nerve fibers to produce a 
stimulating microenvironment for the survival and proliferation of their cells. A reciprocal interaction exists 
between tumor cells and nerves in humans [54]. Tumor cells induce nerve growth in the tumor 
microenvironment by secreting neurotrophic factors. The nerves show up as essential regulators of tumor 
progression. Sympathetic nerves drive tumor angiogenesis with noradrenaline release, increases the 
migration capacity of tumor cells, and determines the direction and development of metastases, while the 
cholinergic fibers of the parasympathetic nervous system, in turn, infiltrate tumor tissue and affect tumor 
cell invasion, migration, and distant metastases [55]. The sensory and parasympathetic nerves stimulate 
tumor stem cells, while at the same time, the parasympathetic nerves tend to inhibit tumor progression. This 
balance forms the dynamic complexity of the nervous interactions [56]. 
 
The vagus has been an essential pathway in the early preclinical stage of tumorigenesis through the 
information to the brain about preclinical tumors with an immune-nerve information transformation. It 
partially regulates tumor formation and progression [57]. 
 
The tumor microenvironment has a fundamental influence on its features [58]. It contains innate and adaptive 
immune cells [59], which have Janus-face behavior, could inhibit [60] or support tumorous processes [61]. A 
clinical trial shows the feasibility of vagal neuroimmunomodulation as the prognostic factor for pancreatic 
cancer, and so, the method offers a new prognostic biomarker of advanced cancers [62]. Furthermore, active 
adjuvant therapy of neuromodulation of cancers improves the quality of life in advanced cases [63]. It is 
clinically shown that the VNS increases the complexity of heart-rate variability, allowing more stable 
homeostatic control [64], having a higher probability of a better quality of life and more prolonged survival. 
The experimental and clinical observations indicate that one of the most promising and far more objective 
methods for studying the autonomic nervous system is to analyze heart rate variability (HRV). 
 
 
 
 



46 Oncothermia Journal, Volume 33, May 2023 
 

3.1.2. Heart Rate Signal 
 
It was a long time ago realized that the chaos in physiology has special meaning [65]. The “constrained 
randomness” [66] is usual in physiology, and its study is a valuable tool to understand its mechanisms as well 
as recognize the deviation from “normal”. The analysis of the noise-like profile of hear-beat in the healthy 
subject shows 1/f power-law distribution was recognized early [67], and this “chaos” was associated with 
time-fractal processes in the living organisms. The heart frequency components’ expected flat or normal 
distribution became long-tail, self-similar distribution with scaling possibility. 
 
The heart rate variability (HRV) describes the variability in the intervals between heartbeats. The temporal 
fluctuation of heart rate is due to autonomic nervous system regulation; it is created by interacting the 
sympathetic and parasympathetic nervous systems contributing to the measured variation of the signals 
[68]. HRV strongly correlates with vagus activity [69]. The most common area of HRV analysis is the study of 
cardiological problems [70]. However, it is often used for other diseases, like diabetes [71], renal failure [72], 
neurological [73], and psychiatric changes [74], but it is also used for sleep disorders [75] and some 
psychological phenomena [76]. The viability of using HRV measurement is based on non-invasiveness, ease 
of construction, and reproducibility [77]. Nowadays, the HRV offers a possible prediction of disease onset and 
prognosis [78], and so, its application has a significant increase in oncology [79]. 
 
The change in heart rate from beat to beat (RR [ms] intervals, the most observable peak in QRS complex in 
ECG signals) results from the balancing interaction of parasympathetic and sympathetic effects on the sinus 
node [80]. The RR is frequently estimated by heart rate (HR [beat/min]), which is easy to measure in daily 
practices. The variability is most frequently measured by time-domain analysis. The basic parameters to 

evaluate its uses the nth RR interval ((RR)n), and the average value  The calculated time-
domain evaluation parameters are: 

 the standard deviation of  
 the square-root differences between the successive RR intervals: 

  
 

Some other characterization of the time domain of HRV is used for particular purposes, like 
 

 NNxx [beats], is the number of successive RR interval pairs that differ more than xx [ms]; 
 pNNxx [%] is the NNxx divided by the total number of RR intervals. 

 
The time-domain of HRV changes is analyzed for its short-range (SD1), which is connected to the RMSSD [81] 
and long-range (SD2) features [82]. The Poincare plot is an excellent visualization of the short and long-range 
changes by studying the subsequent RR-intervals; plots each 1 RRn+1 as a function of the previous RRn interval 
[83]. 
 
Poincare plot analysis gives info about long-range by the RRn+1 = RRn line visualizing how continuous the 
development in stepby- step points, while its perpendicular line in the midpoint (zero points) shows how the 
short-range deviates from the long trends, compared the beat-to-beat info to the expectation of the longer 
performance of the heart [84]. The nonlinear homeostatic regulation could be followed by Poincare sections 
[85], with “stroboscopic flashes” synchronized to the neuron activity. Due to its simplicity and clearness, an 
emerging quantitative-visual technique categorizes the degree of heart failure by functional classes in 
patients [86]. The SD1 and SD2 can be calculated with standard time-domain parameters [87]. The calculation 
needs to introduce the standard deviation of the successive differences of the RR intervals,  
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In consequence, RMSSD has a role in both the short- and long-range interactions in stationary conditions. 
Naturally, the HRV results and parameters depend on the time length of the registration [88]. 
 
The detrended fluctuation analysis (DFA) method is devoted to the scaling of correlation inside the time-
domain of the signal [89]. This particular method scales the slopes (trends) of the linear regression fit to the 
n-length grouped segments of measured points in various scales. The sum of actual deviation of the points 

in the group from their average value is:  
 
Fit a linear regression (least-squares method) to these points. The obtained regression line is yn(k), and so 

the detrended series F (n) is scaled by n:  calculating it with different 
segments and shown in double logarithmic scale vs. n, [90] Figure 4. The categorization of the noises is similar 
to the power density, but the DFA slopes differ from the power density slopes. 
 
The relation of the SDNN and the DFA shows a connection to predicting the survival of patients studying in 7 
years intervals [91]. When both parameters (SDNN and DFA) are high, all patients survived 7.5 years. When 
both were low, 50% of the patients involved in the study died within 2 years. In the groups with high DFA and 
low SDNN 60% died under 2.5 years, while the SDNN was high and, DFA low, 70% died within 3.5 years. Results 
support the idea that the health status needs high self-organizing in the system. When the self-organized 
chaos starts to disappear, and a series of subharmonic bifurcations appear, the ventricular fibrillation 
becomes more likely [92] [93], the bifurcation phenomena are pathological [94]. Note, the bifurcation in this 
meaning decreases the self-similar time-fractality, which appears again when the bifurcative processes are 
sequentially inserted into each other (fractal process) and form Cantor-like fractal in the dynamics, shown 
in Figure 3. 
 
The variation evaluation with time-domain has some problems because the form of the signal could 
substantially differ while the RR average and the RR standard deviation could be identical [95]. The frequency 
domain, determining the S (f ) power density, gives information about the distribution of the frequency 
components, so it clears the form of the signal [96]. The spectral analysis is a valuable tool in the analysis of 
the autonomic function of HRV [97]. The study of the frequency spectra reveals the healthy dynamics of the 
heart and is related to the overall homeostatic condition. 
 

 
 

Figure 4. The detrended fluctuation analysis (DFA) method [90]. (a) The process of evaluation of scaled 
groups of noise parts by the linear regression model. Red lines are the best fit for the subsequent intervals 

counting 100 beats. The blue fits 200 beats and so on with all possible groups of the beats. (b) The 
measured slopes from (a). The points for red and blue fits are indicated on the line. The scaling clearly 

shows linear dependence of grouped slopes. 
 

The frequency domains divided by the physiological ranges [98] like: 
 

 Power (SULF(f )[ms2]) ultra-low frequency range (≤0.003 Hz) power density (SULF (f )[ms2]), follows the 
change s of the body’s core temperature, the circadian rhythm, the renin-angiotensin controlling 
system, and the metabolic processes; 

 Power (SVLF(f )[ms2]) of the very-low-frequency range (0.0033 - 0.004 Hz) observes the long-range 
controlling mechanisms, hormonal processes, heatcontrol; 
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 Peak frequency (PLF(f )[Hz]) in the low-frequency range (0.004 - 0.15 Hz) is connected to the 
baroreflex activity and the balancing of sympathetic and parasympathetic nerve actions; 

 Power (SLF(f)[ms2]) in the low-frequency range (0.004 - 0.15 Hz) is connected to the baroreflex  
activity and breathing; 

 Peak frequency (PHF(f )[Hz]) in the high-frequency range related to vagus nerve tone; 

o for adults (0.15 - 0.40 Hz); 

o for babies (and sometimes after sports activity) (0.24 - 1.04 Hz); 

 Power (SLF(f )[ms2]) in the high-frequency range related to vagus nerve tone (0.15 - 0.40 Hz); 

 Sometimes the ratio of the power of low (0.004 - 0.15 Hz) and high (0.15 - 0.40 Hz) frequency bands   

used to study the balance of the vagal and sympathetic activity. 

 
Through the connections of the autonomic nervous system, vegetative, somatic, and psychic effects are 
integrated into the instantaneous heart rate and variability [99]. Due to the neuro-controlled 
(sympathovagal) balancing, the HRV is a feasible parameter to quantify homeostasis [100]. In consequence 
of the homeostatic character, its measurement could be a valuable tool in clinical practices [101]. 
 
The vagus-mediated HRV may be associated with higher-level (brain) executive functions. One region, the 
anterior cingulate cortex, was interestingly found to be associated with both vagus activity and cellular (NK-
cell) antitumor immunity [102]. 
 
Inflammatory markers and HRV parameters show correlation. The LF-HRV was inversely proportional to CRP, 
IL-6, fibrinogen, and HF-HRV was inversely proportional to CRP and fibrinogen. These also supported the 
existence of the vagal anti-inflammatory pathway [102] [103]. 
 
Vagus tone (measured by HRV) influences the nervous-immune response to acute stress. This was 
demonstrated in a study in which people with low and high baseline HRV participated and were presented 
with a learning task (acute stress factor). With this acute stress, NK-cell and noradrenaline levels in 
peripheral blood changed only in the high HRV group. Both prefrontal cortex and striatum activity correlated 
only with values indicative of the immune system only in the high HRV group. It is hypothesized that high 
vagus tone may mean a more flexible top-down (brain) -down (immune system) regulation [104]. 
 
The frequency domain is a helpful tool for analyzing the signal components, but the obtained frequency 
distribution does not inform us about the signal trends and how the segments correlate. For the 
personalization, the amplitudephase has to be considered, as shown in (24). 
 
The HRV can be a valuable biomarker to assess disease progression and outcome, and even it could be the 
future remote, wearable biomarker technology [99], which controls not only the diseases, b but also nutrition 
and wellness [104]. 
 
The HRV contains the homeostatic stage of the patient, so it mirrors the various, not disease-connected 
parameters (like the age, gender, medications, physical and mental status, and even such simple parameters 
as the body-position, respiratory rhythm, stress) [105]. This sensitivity of general conditions could influence 
the medical decisions, which develops a distrust in the method. High practical routine and well-controlled 
conditions are necessary to obtain the medical value of the results. Furthermore, HRV does not directly 
measure parasympathetic or sympathetic activity. Its features are indirect, only qualitative information on 
the autonomic activity, the quantitative measures need independent methods. In addition to methodological 
errors, there may also be technical pitfalls in data collection, signal processing, and interpretation, leading to 
inaccurate HRV measurement, l and wrong medical decisions [106] [107]. The mixed information causes that 
the HRV application as a diagnostic tool does not widely apply in medical practice. 

 
3.2. Local Effects 

 
The modulation is well applied locally in the tumor treatment [108] by forcing the local arrangement order in 
space-time to fit homeostasis. The local application has similar goals that the systemic VNS, forcing the 
healthy balance. However, the local application is only in the small part act on the nervous system (mainly 
on parasympathetic, while the selection is connected to the function of the vagus). The dominant effect 
forces the healthy local arrangement in space (intercellular bonds) and in time (intracellular signal-
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transmissions). The practice of local application is the modulated electrohyperthermia (mEHT, trade name: 
oncothermia®), which is widely applied in clinical practice [109]. 
 

3.2.1. Pattern and Molecular Recognition 
 

The differences between the tumor and healthy host tissue are significant. The tumor cells have a higher 
metabolic rate than the host because of proliferative energy demand, have no networking connection with 
the neighboring cells, separate individually, have different membrane structures with more 
transmembrane lipid rafts, and differ in their overall structure too. This last is used by the pathologist 
when studying the pattern of the specimens and recognizing the pattern deviation from the expected 
healthy order. This pattern recognition is one of the factors of the diagnosis, staging, and prognosis too. 
So, the tumor structure differs, which can be recognized by the homeostatic signal, due to the missing 
dynamic harmony. In this way, the disordered tumor selectively absorbs energy from the harmonic 
fluctuation (modulation with 1/f noise), and the various consequences kill the cells. The free genetic 
information allows recognizing the deviation by the adaptive immune system, which may act against [110] 
[111]. 
 
A part of the modulation effect is the broken cadherin complexes’ re-bonding and allowing the 
intercellular connections again [112] [113]. This reconstruction turns the individual precancerous cells to 
the network and blocks their movement, decreasing the risk of metastases. The rebuild network allows 
the intercellular connections, gives the cell a chance to return to normal conditions, or has a signal, and 
turns to apoptosis. 
 
The physical analysis of temperature-dependent effects of mEHT [114] calculated that the most likely 
effect is electromagnetic excitation, which develops non-thermal effects of radiofrequency 
electromagnetic fields [115]. The physical assumptions successfully indicated the possibility that the 
physical methods may recognize and use the heterogeneity of the target [116]. The vagus nerve assists 
the body’s thermal sensitivity and thermoregulation [117]. 

 
3.2.2. Molecular Excitation 

 
Other important local effects of mEHT are the molecular excitations of the cellular receptors and, in 
general, the transmembrane proteins. The nonthermal membrane’s temperature-independent effects of 
electromagnetic fields had serious debates and controversial opinions. The present research provides 
some preclinical and clinical data for the nonthermal antiproliferative effects of exposure to mEHT. The 
excitation promotes membrane vibrations at specific resonance frequencies, which explains some 
nonthermal membrane effects, and/or resonances causing membrane depolarization, promoting the 
Ca2+ influx [118], or even form a hole on the membrane. mEHT may be tumor-specific owing to cancer-
specific ion channels and because, with increasing malignancy, membrane elasticity parameters may 
differ from that in normal tissues. The Arrhenius plot fits the thermal properties in mEHT experiments 
[119], so the treatment is a complex mixture of the thermal and nonthermal processes [120]. The protecting 
chaperones induced by the heat shock are exhausted [121], so the safeguarding does not suppress the 
electromagnetic reaction. This mechanism resolves the radiotherapy resistance of pancreas 
adenocarcinoma cells [122]. 
 
The molecular excitation is proven in vitro, showing how different the mEHT complex electromagnetic 
therapy is from conventional heat-therapies [112]. The recent review of the tumor-damage mechanisms 
collects the preclinical results [113]. 

 
4. Discussion 
 
The modulation of the external bioelectromagnetic signals has well-explained principles [13]. The carrier 
frequency helps in the selection mechanisms, while its modulation acts. The modulation supports 
homeostasis by its time fractal (1/f) frequency distribution [108]. The modulation could have multiple effects 
locally and systematically. The local force for the homeostatic control acts as a further selection factor 
regarding the lost control of the tumorous cells. Furthermore, the modulation forces the healthy dynamical 
order providing a compulsory process for apoptosis of the out-of-control cells. HRV may characterize the 
homeostasis [124], presenting the complexity of the system. 
 
The well applied time-fractal current flow may activate the structural fractals in the living systems, and the 
personal fractal structure could modify the time-fractal pattern, too [125]. The fundamentally non-linear 
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physiological system dynamics work on the edge of chaos, a border of order and disorder showing a constant 
dynamic interplay between these states [126]. The challenge of the homeostatic equilibrium is the apparent 
chaos. The chaos looks complete randomness which is only ostensible. The chaos in biosystems results from 
the stochastic self-organizing and the energetically open system, which directly and permanently interacts 
with the environment. Its structural and temporal structure is fractal, which appears in the fundamental 
arrangements of the self-similar building and dynamism of the energy exchanges internally and externally. 
The living processes are complex. They are in self-organized criticality (SOC) [127], which is formulated, as 
the “life at the edge of chaos” [128]. This chaos is the realization of a well-organized stochastic (probabilistic) 
system [129]. The disordered chaos is apparent [130]. 
 
A simple bifurcation could help to understand this “edge of the chaos” phenomenon. The processes must keep 
their dynamic energized form. When their energy at the energy breaking point is too low, the process stops 
and “freeze” in one of the potential wells. However, when the provided energy is too high, the system loses 
its control, the promoter-suppressor balance can’t regulate the processes Figure 5. (Like Einstein formulated: 
“Life is riding a bicycle. To keep your balance, you must keep moving.” [131]) The common idea that bio-
systems evolve toward equilibrium is a misperception of reality. 
 
Self-organized chaos was studied in all the living processes like, for example, in immune activities [132], in 
nerve system [133], in genetic phenomena [134]. The realization of the “edge of chaos” is very personal due to 
the determining parameters, and their intensity differs from person to person [135]. This character of the 
living complexity requests personalized treatments. 
 
DFA evaluation of the signal measures the self-similarity scaling of the fluctuations by scaling parameter. 
This evaluation is similar to the box methods in structural evaluation of the fractals when the scaling is the 
size of the box like in DFA, the size of the scaling interval. The other time-domain studies focus on the 
standard deviations of the fluctuations (like the HRV methods the SDNN), which also depends on the length 
of the investigated interval so also has similarities with boxing evaluations. The standard deviation changes 
by the s box-sizes in the Ns step-number, and has a scaling behavior: 
 

 
 
The exponent is named in honor of HE. Hurst, who first observed this scaling at the water level fluctuations 

at the Aswan dam in Egypt. The Hurst exponent, H characterizes the scaling exponent of the 
power density function (PDF, frequency domain) fitted to the scaling function (calculated for q = 2 ) in the 
time domain:  

 
 

 
 

Figure 5. Permanent dynamic changes of the energetically open system cause a never rest situation. The 
dissipation consumes the energy, while the open, energetic situation drives the process. Promoters and 

suppressor balance never stop, the dynamism makes life on the “edge of chaos”. 
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In time series: 0 < H < 1. The 0 < H < 0.5 describes anticorrelation, while 0.5 < H < 1 characterizes the correlation, 
long-memory process. There are two border values: H = 0.5 is the while noise (no correlation), H = 1 is the pink 
noise [136]. 
 
However, most complex systems have no single scaling. The living body contains variants of fractal 
templates in space-time, and so the exponents of selfsimilarity could change by parts. The multifractal 
analysis considers the scaling as not a global behavior but local (multifractality). The multifractality appears 
in the dynamics of the biological processes. The scaling varies in time. The nonlinearity of the processes 
strongly influences the multifractality. 
 
In the case of multifractality since the scaling property is heterogeneous, H will be different for smaller and 
larger fluctuations in the process and thus the generalized Hurst exponent, H(q) is obtained as a function of 
q [137]. It is the scaling of the qth momentum of the fluctuation and called generalized Hurst exponent. The 
generalized scaling function is: 

 

The generalized multi-scaling gives back the mono-scaling Hurst exponent when q = 2 so In the 
case of monofractality, the scaling property is homogeneous and thus independent of q. With the growth of 
the “box-size” by growth of s the different variances (scaling functions by q) approaches each other, and at 

the largest size (the L size of the entire sample) point on a common focus [138]  where 
SD(L) is the standard deviation character of the entire signal. 
 
The fingerprint of the personalized “chaos” is the self-similar noise of interconnected HRV and VNS in both 
the time (variation-based evaluations) and frequency (S(f) based evaluation) domains. The characteristic 
behavior of the frequency-based approach is the 1/f noise. Consequently, forcing the homeostatic control 
needs 1/f spectrum in the frequency domain. In an ideal case, the frequency domain has a single exponential 
character. However, it is not the general case; it only approaches a part of the anyway curved double 
logarithmic plot of the spectral density S(f) , which characterizes a multifractal behavior of the system’s 
dynamics. 
 
The multifractal structure changes the frequency by time, so the Fourier transformation, which produces  
S (f) power density function (PDF) in the monofractal approach, is not constant in all the observed time. The 
problem of the multifractal analysis has similarity to the Heisenberg principle: one cannot get the infinite 

time and frequency resolution beyond Heisenberg’s limit:  so  Consequently, one can 
calculate high-frequency resolution accompanied by an insufficient time resolution or has high resolution in 
time with a poor frequency resolution. The method of wavelet transformation was developed for space-time 
multifractal description [139]. 
 
For proper multifractal analysis, a local power-law had been developed. This method approaches the 
function with its Taylor series and observes the scaling in the difference of the real and approached function: 

 
 

The h(x0) value is the Hölder exponent. This is a local power-law, showing local self-similarity in a given 
discrete t time-point. In the case of any (multi or mono-fractal) approach h(t ) is the power of the scale. In 
monofractals the exponent is constant: h(t ) = const . The Hölder exponent forms trajectories when calculated 
in real-time. The fractal dimension of disjunct sets of the same Hölder exponents in the histogram approach 
is the multifractal or singularity spectrum, with generalized dimension D(h) , which is mostly used for 

multifractal characterization. The “size” of the singularity components is  The monofractal Hurst 
exponent H (2) tightly connected (but not equivalent) to the maximum (middle) Hölder exponent of the 
singularity spectra, while the ΔH (n) ,the multifractal character described by ΔH (n) = H (−n) − H (n) is the 
width of the multifractal spectra. The maximum of D(h) is connected to the autocorrelation and the width of 
the non-linear character of the processes, introducing the multifractal scale exponent τ (q) from wavelet 
transformation [140]. This exponent connects all the multifractal characters: 
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The behavior of τ (q) describes the locally changing dynamic fractals, specifying the details that distinguish 
these from the global single-exponent character [141], Figure 6. 
 
The well-established, widely applied and approved methods of evidence-based medicine (EBM) work with 
averages in many respects, as the inclusion criteria, like the sub-grouping of the eligible patients by various 
aspects. The monofractal application fits this approach, representing an overall average of the homeostatic 
control of the patients. However, the averaging has multiple pitfalls [135] [142]. 
The primary challenge is the averaging, despite that no such “average patient” who is supposed in the study 
exists. More personalization is necessary to avoid the averaging errors. 

 
Figure 6. The changes of characteristic scaling exponents in mono-fractal and multifractal stochastic  

pproaches.  
(a) scaling exponent by qth momentum;  

(b) multifractal spectrum;  
(c) the generalized Hurst exponent does not change by q = H (2) . 

 
The fine-tuning of the information has to consider the time-domain signal analysis. The personalization 
principle is the inverse transformation of the timeseries from the personally S ( f ) by the distribution of the 
amplitude phases (ϕ (ω ) ) shown in (24). The precise time domain is reconstructed, but it has also averaged 
in the distribution function of the phase ϕ (ω ) . The HRV time-domain has also high averaging due to the form 
of the signal is not present, only the mean and its standard deviation. However, the HRV and the inverse 
transformation of the amplitude of S ( f ) by (24) represent different information about the person, so the 
combination of the two methods looks the most accurate in our present knowledge. The complex number of 

the amplitude of S (f) in (24) contains the personal frequency 
order. The geometric representation of the single term of S (f) in the complex sheet is a circle with the radius 

R = | A | , and a vector with angle of ϕ (ω ) . The personal order by geometric description of  from (24) 

connects these vectors where their size is proportional with Figure 7. 
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(a) 

 
(b) 

 

 
(c) 

 

Figure 7. The series of the  in personalization.  
(a) the vector representation of a single component. The vector rotates as the ϕ (ω ) phase angle changes 

by the changing S(f) .  
(b) an example of the series of S(f) s, when the vectors jointly follow each other. The S(f) changes hectically 

(noisy).  
(c) another example of the S(f) series with monotonously growing phase angle ϕ (ω ) in a series. 
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In reality ϕ ( f ) has a personal distribution, which arranges the frequency order. In a random distribution, we 
may check the system how we construct the Si (t) time-series of the signal from frequency series with inverse 
Fourier transformation Figures 8-10. Noteworthy that the S(f) function is identical in all reconstruction 
processes from the ϕ ( f ) series, because the phase angle does not change the value of the amplitude, only 
its direction changes on the complex coordination system. 
 

 
Figure 8. Reconstruction of the time-series from the power density function (PDF)  

(a) when the ϕ (ω ) phase has a random distribution.  
(b) The distribution of phase by frequency from the S ( f ) phase function on the (a).  

(c) The signal function in time (the time series); (c’) the enlargement of the signal function in a small time 
interval;  

(d) the correlation function of the Si(t ) signal function. 
 

 
 

Figure 9. Reconstruction of the time-series from the power density function (PDF) when the ϕ (ω ) phase 
has 1/f distribution. [this figure well follows Figure 8; the difference is most obviously seen on the incoming 

excitation and the Si(t ) spectrum]  
(a) distribution of phase by 1/f frequency;  

(b) the S ( f ) function from the phase shown in (a) [it is identical with that, repeated only for the control of 
the calculation];  

(c) the signal function in time (the time series); (c’) the enlargement of the signal function in a small time-
range;  

(d) the correlation function. 
 

The strong, definite Weibull distribution causes only minimal and mostly regular time series. Probably this is 
irrealistic in living systems. The periodicity-like form in correlation length is also the consequence of the well-
defined original distribution shown in Figure 10(a). 
 
4.1. Forcing Homeostasis by Modulation 
 
The next step of the personalized idea needs to force healthy homeostasis in the patient, who lost it due to 
the disease. First, the deviation from the healthy state must be measured, which could be checked with the 
time-(HRV) or frequency- (S (f )) domain as well. This global information could be the reference for the 
development of the disease and the chosen treatment’s success. Increased risk of progressive disease is 
connected with the gradual loss of complexity in the decrease of the HRV in patients with cardiovascular 
diseases [64]. 
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Figure 10. Reconstruction of the time-series from the power density function (PDF) when the ϕ (ω ) phase 

has Weibull distribution.  
(a) distribution of phase by frequency;  

(b) the S ( f ) function from the phase shown in (a) [it is identical with that, repeated only for the control of 
the calculation];  

(c) the signal function in time (the time series); (c’) the enlargement of the signal function in a small time-
range;  

(d) the correlation function. 
 

It is observed that the VNS associated to the parasympathetic tone, decreases the heart rate accompanied 
with increased complexity (increased HRV) especially in sleep [64]. The higher HRV values in various bands 
were positively correlated with disease regression in the actual band category. Higher HRV meant more 
advanced coping ability and thus better prognosis. 
 
Together with the dynamic equilibrium’s general character, it might be supposed that every person has an 
individual part of homeostatic control. The overall neuronal surveillance by the autonomic nervous system, 
the immune system, the transport systems, etc., has a particular path specific for a person and produces an 
individually coded 1/f homeostatic noise. In this sense, we can talk about personalized 1/f noise. As the (24) 
shows, the 1/f noise spectrum carries many kinds of information which are hidden in the ϕ (ω ) phases of the 
amplitudes. The phase distribution carries the sequential information of the frequency series. 
 
In the case of one individual subject, the information in the homeostatic noise has the same phase code since 
these are all results of the work of the same regulatory system. Important perspectives open with the 
personal homeostatic noise: 
 

 In diagnostics, the measured noise spectrum’s irregularities could signal that specific organs do not 
work correctly.  

 In control of the therapy control, the measured changes of the noise spectrum could show the 
direction of the treatment triggered changes.  

 In prognosis, the stored spectrum in individual “noise bank” taken when the patient is healthy could 
be compared with the actually measured noise prognoses the possible start of the irregularities in 
the body.  

 In therapy, when the healthy fluctuation forces the homeostasis to correct the irregularities and 
blocks the iatrogenic processes, the healing is actively forced.  

 

The last point is an active function of the noise. We concentrate on this application by personalization forming 
uniform general 1/f signal it is power spectrum. Like all the homeostatic control, the nervous system also 
follows 1/f power spectrum. The general regulator of physiological responses to internal and external stimuli 
is the nervous system. It is based on two large nervous sets like promoter/suppressor pairs: the sympathetic, 
which mediates catabolic responses, and the parasympathetic, which regulates anabolic responses. The 
main component of the parasympathetic nervous system is the vagus nerve. The vagus innervates most 
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tissues dealing with nutrient metabolism, which is crucial for many body functions and cancer development 
[102] and therapy [58]. The balance of vagus activity with sympathetic regulation needs proper homeostasis 
[53]. The vagal nerve signals contribute to the care of homeostasis [143] [144]. 

 

The homeostatic time-fractal frequency domain (in general, the 1/fα noise) is optimal forcing information 
when no more personal parameters are available This average contains the optimal time-domain 

fluctuations also when the sole in log-log scale is near to α ≅ 1. The deviations of mean more step-

bystep regulated dynamics (like the brown-movements) while goes to the white noise direction, to 
uncorrelated noise. 
 
A possible constraint of proper homeostasis could be an external electromagnetic compulsory signal. The 
electromagnetic force is an overall effective influence because electromagnetism represents the biologically 
active force. Choosing the 1/f signal is a natural selection to induce a forceful corrective action. The 
penetration of the electric field into the body depends on the frequency of the signal. The penetration of the 
high frequencies is shallow, while the low frequencies penetrate deep. 
 
On the other hand, the low frequency does not radiate, so the energy-coupling needs excellent contact in safe 
voltage application; otherwise, no effect exists. This condition complicates the non-invasive applications. 
Due to the signal having intensive low-frequency components and the broad spectrum of higher frequencies, 
the penetration will be heterogeneous; the proper frequency distribution cannot be overcome. The solution 
could be choosing the higher frequency carrier, which delivers its 1/f modulation with approximately proper 
amplitudes [145]. This modulation solution has a further advantage by its energy delivery, which makes 
additional mild heating [146], supporting the healthy enzymatic reactions in the body. 
 
A further advantage is that the properly chosen carrier frequency delivers the information to selected regions 
of the heterogeneous target [147]. Furthermore, the current of the amplitude modulated signal flows through 
the fractal structures of the living organism, and the necessary frequencies could be selected by the 
structural dynamism as well. The broad modulation spectrum offers various frequency subgroups, which 
allows complying with the local demands. 
 
However, it has a disadvantage: demodulation is necessary for the system, which dominantly performs by 
the cellular membrane nonlinearity [14]. The modulation keeps the system in the regulatory interval, helps 
the complex living processes correct the faulty regions, and re-establish the healthy control [148] [149]. 
 
4.2. Immune Effect of Forcing Homeostasis 
 
One of the effective systemic regulators of homeostatic controls is the immune system. Immune-system 
terminates many diseases and helps balance the symbiotic life with biotas and broader meaning, as the 
fundamental cellular reaction, control some inter and extracellular events by molecular chaperone functions 
[150] [151]. 
 
Research on the neural control of the immune response has traditionally focused on the role of the 
sympathetic nervous system and sensory nerves. However, recent studies have highlighted the role of the 
efferent parasympathetic system, particularly the vagus nerve, in immunomodulatory actions [58] [152]. The 
nervous and immune systems communicate in two-way pathways to limit inflammation and maintain 
homeostasis [58]. The vagus nerve stimulation activates neuroimmune reactions [153]. 
 
The vagus nerve is one of the modulating components of innate (like NK-cells) and adaptive (like T-cells) 
immunity [58]:  

 inhibits the TGF-β1, which increases NK 

 supports the expression and activity of cytotoxic T-lymphocytes; 

 down-regulates the helper T-cells (CD4+ function). 

 
Efferent hepatic vagus activity has anti-inflammatory effects through local IL-1β and IL-6 secretion. This may 
be an important part of the theory of the beneficial outcome of the relationship between vagus and tumors 
[154]. 
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The vagal activity reduces the inflammatory response by reducing cytokine release [103]. The B, and C fiber 
subtypes of the vagal nerve are involved in regulating the heartbeat [103]. This neuroanatomy suggests that 
the regulation of heart and inflammation by the efferent vagus can be separated. Electrical stimulation (1 V, 
5 Hz, 2 ms) was found to be sufficient to elicit an anti-inflammatory effect but did not affect heart rate. Higher 
striding results decrease in heart rate; consequently, the vagal A fibers are connected to the anti-
inflammatory signals. This separation limits the correlation between HRV and vagus-mediated anti- 
inflammatory effects [103]. 
 
The vagal immunomodulatory effect (cholinergic anti-inflammatory pathway) is intertwined with 
acetylcholine activity. Various immune cells (lymphocytes, macrophages, mast cells, dendritic cells, and bone 
marrow lymphoid and myeloid cells) express the significant components of cholinergic systems 
(acetylcholinesterase, choline transporters, AchE, nAChR) and produce acetylcholine. Consequently, the 
cholinergic system may play a role in regulating the immune response through immune cells [58]. 
 
Other systemic effects of vagus nerve stimulation were observed in better outcomes in conditions such as 
irritable bowel syndrome, metabolic syndrome, diabetes, sepsis, pancreatitis, depression, pain, and epilepsy 
[102]. Low vagus nerve activity correlates with worse outcomes [102].  
 
An important observation of the modulated treatment is the immunogenic hyperthermic action [155], which 
can be improved by the independent stimuli of the immune system by dendritic cell therapy [156] [157], or 
viral therapy [158]. 
 
4.3. Cancer and Homeostasis 
 
Tumor cells and the connective tissue surrounding them contain immune cells. However, these cells are 
double-edged weapons; they can inhibit but also promote tumor growth. The inhibition processes are: 
 
1) activated lymphoid cells can control the tumor growth and malignancy; 
2) dense infiltration of T lymphocytes correlates with better prognosis. 
 
While there are promoters: 

 tumors often break down the tumor-infiltrating lymphocyte activity; 

 supports the differentiation of tumor-associated macrophages (TAMs) and myeloid-derived 
suppressor cells (MDSCs), promote tumor growth by secretion of growth factors, and inhibition of T 
lymphocytes. 

Mediators and cellular implementers of inflammation are essential components of the local environment of 
tumors. In some tumor types, inflammatory conditions are already present before malignant transformation 
occurs. Inflammation promotes proliferation, survival of malignant cells, angiogenesis, metastasis, weakens 
the adaptive immune response, alters the response to hormones and chemotherapeutic agents. The 
molecular mechanism of this tumor-associated inflammation may be an important therapeutic and 
diagnostic target [1]. In some types of tumors, oncogenic transformation induces an inflammatory 
microenvironment that promotes tumor development [159]. The stimulated vagal activity suppresses the 
inflammatory developments [58]. Most articles examining the relationship between HRV and tumor 
prognosis consider vagus activity to be systemic as a positive effect. Analysis of the 12 studies yielded 
consistent results: HRV has prognostic value in tumors, predictive: for both survival and tumor markers [102]. 
The analysis also showed that the predictive value of HRV may be strong primarily in the advanced stages, 
the higher initial vagus activity predicted a better prognosis [102]. However, although the vagus effect 
systemically slows tumorigenesis, its major neurotransmitter the acetylcholine (Ach), promotes local tumor 
formation [102]. In other study, anti-inflammatory effects of vagus nerve via ACh - α7nAChR. The α7nAChR is 
expressed on a number of immune cells, suggesting that the vagus may have an effect on the tumor 
microenvironment and antitumor immunity [58]. 
 
Vagus activity may slow tumor progression in pancreatic tumors because it reduces inflammation. A new 

vagus index was introduced for pancreatic tumors, the neuroimmunomodulation index:  where 
CRP is the C-reactive protein. Following more than 200 patients with pancreatic cancer, the NIM index was 
found to have a protective value (relative risk: (0.688)) [62]. Initial higher vagus activity (characterized by 
HRV) was significantly correlated with a lower risk of death in pancreatic tumors regardless of age and 
treatment received [160]. The possible mediating role of C-reactive protein (CRP) was tested in non-small cell 
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lung cancer (NSCLC) [8], where the CRP was not found to mediate the relationship between HRV and survival 
time in patients younger than 65 years, but did not predict overall survival. The NIM index was characteristic 
also in the study NSCLC; where the NIM index indicated also the protective relative risk. Furthermore, a high 
NIM index correlates with longer survival [62]. However, for advanced NSCLC, HRV should be used to monitor 
overall patient well-being rather than to judge survival [161]. 
 
Another study with meta-analysis (6 studies analyzed, with 1286 patients) also found that HRV has predictive 
value in cancer patient survival. Also, higher vagus activity may predict longer survival [162]. Similarly, in a 
study of hospice patients, it was found that HRV (SDNN value) is a prognostic factor in terminal cancer 
patients [163]. 
 
A meta-analysis of 19 high-quality observational studies [164] shows that higher HRV positively correlates 
with patients’ progression of disease and outcome. The individuals with higher HRV and advanced adapting 
mechanisms seem to have a better prognosis in cancer progression. HRV appears to be a useful aspect to 
access the general health status of cancer patients. 
 
A study investigating the role of HRV in gastric cancer patients found that HRV decreased in advanced clinical 
stages (progression) and correlated with tumor size, tumor infiltration, lymph node metastasis, and distant 
metastasis. Thus, gastric cancer patients had a lower HRV that correlated with the tumor stage. In this 
research, they also claim that; HRV may serve as a factor in assessing stage and progression in gastric cancer 
patients [165]. Based on this, HRV can be a promising biomarker, a prognostic factor in gastric cancer patients. 
 
It was also shown that SDNN value significantly predicted the development of CEA levels in colon tumors 1 
year after onset. However, when the patient sample was divided into curative and palliative care, it was found 
that the HRV-CEA relationship could only be demonstrated in palliative care [166]. 
 
In the study of liver tumors, it was found that the indices of HRV, including the previously detailed HF, show 
a significant correlation with the survival time of patients in patients with end-stage hepatocellular tumors 
[167]. The HRV significantly positively correlated with survival time in HCC patients [154]. 
 
Patients with prostate carcinoma (PC) were examined for vagus tone (with HRV measuring the SDNN and 
RMSSD). HRV shows a significant inverse correlation with PSA levels at follow-up at 6 and 24 months. This 
correlation was particularly true in metastatic PC patients [168]. 
 
Research on breast tumors (metastatic or recurrent) has hypothesized that high-frequency HRV (HF-HRV), a 
characteristic of parasympathetic nervous system function, may correlate with survival. Vagus activity was 
found to be strongly associated with survival (well-predicted survival) [169]. 
 
One study examined the association between HRV and brain metastases. Low HRV and a low score on the 
Karnofsky status rating scale were adverse prognostic factors for survival in patients with cerebral 
metastases. Based on these, it is thought that HRV may also be a prognostic factor in brain metastases [170]. 
 
5. Conclusions 
 
The living cellular structures are energetically open. They need transport of the energy sources in and 
transport of the waste out. The homeostasis drives the complex system to be balanced, structurally, and 
dynamically tailored to stochastic (probability-based) equilibrium. Without direct cellular communication (no 
“social signal”), this organized transport would be missing. The malignant transformation breaks this 
organized transport and seeks to build up new for the new demands. However, there is a fundamental 
difference that exists: the healthy construction is driven by the collective signal and seeks to optimize the 
energy use for the highest efficacy. The malignant structure is driven by the topology and biophysical 
interactions of the competing cells, irrespective of the efficacy of the energy conversion. This collectivism 
makes a difference in the geometric arrangement, not only in the cell-cell correlations but the autonomic 
behavior that forms cells individually. 
 
Different pathophysiological mechanisms and risk factors lead to altered signaling of a common homeostatic 
pathway indicating various diseases. Consequently, its indication has significant biomedical potential. The 
homeostatic actions are based on self-similarity, leading to structural changes and information flows, which 
drive the system’s dynamics. Many interacting signals in the complex system produce a noise-like summary, 
which can be measured in variations of the signal in time-domain, and have a definite frequency distribution 
in noise power, following inverse dependence, called 1/f noise. This noise is meaningful and feasible, 
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regardless of whether the system’s signal is deterministic or stochastic. Forcing the 1/f signal is a possibility 
to stimulate the homeostatic control of the system. The heart rate variability (HRV) presents a feasible 
measuring of the individual status of the patient. The activity and effect of the vagus nerve drive numerous 
pathways of homeostatic control and are well connected to the HRV too. 
 
Some common mechanisms inhibit the vagus activity in the tumorous situation [171], like the local oxidative 
stress and DNA damage, the inflammatory reactions, and excessive sympathetic activity. Stimuli may correct 
the inhibitions, either the vagus-nerve directly or by the compulsory spectrum on the local place of the 
disease. 
 
The active vagus nerve can reduce the risk of cancer and cardiovascular disease, Alzheimer’s disease, and 
metabolic syndrome by influencing their possible common underlying mechanism. The stimulation of the 
vagus nerve (VNS) could be a helpful tool fighting to re-establish healthy homeostasis. There is growing 
evidence that vagus activity slows tumorigenesis, primarily by inhibiting inflammation. Recent studies have 
shown that neuroimmune modulation increases cytotoxic immunity in the tumor microenvironment. Thus, 
we appear to modulate the tumor microenvironment and antitumor immunity by influencing vagus nerve 
activity [58]. It is thought that vagus stimulation, in addition to conventional therapeutic methods, may 
improve tumor prognosis by aiding in antitumor immunity [58]. The vagus activity and the changes by VNS 
are well measurable by HRV, and vica versa, the changes of HRV could modify the vagal processes. 
 
Based on the interconnection, measuring vagus activity (primarily by HRV determination) can be a huge help 
to choose therapies in many diseases. The method has multiple benefits from this safe, complex therapeutic 
option that improves prognosis in various diseases. It is easy to apply and can be used in conjunction with 
other routine treatments. It can also be suitable for screening and prevention; it is inexpensive, non-invasive 
[171]. The HRV controlled VNS is a new direction of the physiologic and psychologic applications [172]. 
 
The healthy HRV spectrum shows 1/f on average. The averaging is a standard method for investigating 
diseases, like the evidence-based medicine averages by its various parameters determining the general 
probability of the studied phenomena. The 1/f spectrum is satisfactory for the VNS and HRV, but for 
personalization, we need differentiation, which means obtaining personal information about the systemic 
control. However, the frequency distribution shows only which frequencies produce the noise, but no idea 
about its sequences in time. We had shown the method to analyze the real-time sequences as a basis of 
personal treatment and follow-up. 
 
The average 1/f frequency spectrum is a valuable tool to force the homeostatic arrangement. In therapy, this 
forcing can be safely and non-invasively administered by modulating a well-chosen radiofrequency carrier 
and using it to improve the patient’s status. The improvement may be measured with conventional checks, 
but also, the HRV analysis gives information about the achievements of the modulated therapy. 
 
Acknowledgements 
This work was supported by the Hungarian National Research Development and Innovation Office PIACI KFI 
grant: 2019-1.1.1-PIACI-KFI-2019-00011. 
 
Conflicts of Interest 
The author declares no conflicts of interest regarding the publication of this paper. 
 
 
References 
 
[1] Dvorak, H.F. (2015) Tumors: Wounds That Do Not Heal—Redux. Cancer Immunology Research , 3, 1-11. 
https://doi.org/10.1158/2326-6066.CIR-14-0209 
 
[2] Trigos, A.S., Pearson, R.B., Papenfuss, A.T., et al. (2016) Altered Interactions between Unicellular and 
Multicellular Genes Drive Hallmarks of Transformation in a Diverse Range of Solid Tumors. PNAS, 114, 6406-
6411. https://doi.org/10.1073/pnas.1617743114 
 
[3] Davidson, C.D., Wang, W.Y., Zaimi, I., et al. (2019) Cell Force-Mediated Matrix Reorganization Underlies 
Multicellular Network Assembly. Scientific Reports , 9, Article No. 12. https://doi.org/10.1038/s41598-018-
37044-1 
 



60 Oncothermia Journal, Volume 33, May 2023 
 

[4] Balmain, A., Gray, J. and Ponder, B. (2014) The Genetics and Genomics of Cancer. Nature Genetics , 33, 238-
244. https://doi.org/10.1038/ng1107  
 
[5] Szigeti, G.P., Szasz, O. and Hegyi, G. (2017) Connections between Warburg’s and Szentgyorgyi’s Approach 
about the Causes of Cancer. Journal of Neoplasm, 1, 1-13.  
 
[6] Hanahan, D. and Weinberg, R.A. (2000) The Hallmarks of Cancer. Cell , 100, 57-70. 
https://doi.org/10.1016/S0092-8674(00)81683-9 
 
[7] Hanahan, D. and Weinberg, R.A. (2011) Hallmarks of Cancer: The Next Generation. Cell , 144, 646-674. 
https://doi.org/10.1016/j.cell.2011.02.013 
 
[8] Dyas, F.G. (1928) Chronic Irritation as a Cause of Cancer. JAMA, 90, 457. 
https://doi.org/10.1001/jama.1928.92690330003008c 
 
[9] Dvorak, H.F. (1986) Tumors: Wounds That Do Not Heal, Similarities between Tumor Stroma Generation and 
Wound Healing. The New England Journal of Medicine , 315, 1650-1659. 
https://doi.org/10.1056/NEJM198612253152606 
 
[10] Platz, E.A. and De, Marzo, A.M. (2004) Epidemiology of Inflammation and Prostate Cancer. The Journal of 
Urology , 171, S36-S40. https://doi.org/10.1097/01.ju.0000108131.43160.77 
 
[11] Punyiczki, M. and Fesus, L. (1998) Heat Shock and Apoptosis: The Two Defense Systems of the Organisms 
May Have Overlapping Molecular Elements. Annals of the New York Academy of Sciences , 951, 67-74. 
https://doi.org/10.1111/j.1749-6632.1998.tb08978.x 
 
[12] Aktipis, C.A., Bobby, A.M., Jansen, G., et al. (2015) Cancer across the Tree of Life: Cooperation and Cheating 
in Multicellularity. Philosophical Transactions of the Royal Society B , 370, Article ID: 20140219. 
https://doi.org/10.1098/rstb.2014.0219 
 
[13] Szasz, A. (2020) Preface. In: Szasz, A., Ed., Challenges and Solutions of Oncological Hyperthermia , 
Cambridge Scholars Publishing, Newcastle upon Tyne, 8-13. 
https://www.cambridgescholars.com/challenges-and-solutions-of-oncological-hyperthermia 
 
[14] Szasz, A. (2021) Time-Fractal Modulation—Possible Modulation Effects in Human Therapy. Open Journal 
of Biophysics , 12, 38-87. https://doi.org/10.4236/ojbiphy.2022.121003 
 
[15] Conley, B. (2019) Microbial Extracellular Electron Transfer Is a Far-Out Metabolism. The American Society 
for Microbiology, Washington DC. https://asm.org/Articles/2019/November/Microbial-Extracellular-
Electron-Transfer-is-a-Far 
 
[16] Szasz, A., van Noort, D., Scheller, A., et al . (1994) Water States in Living Systems. I. Structural Aspects. 
Physiological Chemistry and Physics , 26, 299-322.  
 
[17] Agmon, N. (1995) The Grotthuss Mechanism. Chemical Physics Letters, 244, 456-462. 
https://doi.org/10.1016/0009-2614(95)00905-J  
 
[18] Markovitch, O. and Agmon, N. (2007) Structure and Energetics of the Hydronium Hydration Shells. The 
Journal of Physical Chemistry A , 111, 2253-2256. https://doi.org/10.1021/jp068960g 
 
[19] Tuckerman, M.E., Laasonen, K., Sprik, M., et al. (1995) Ab Initio Molecular Dynamics Simulation of the 
Solvation and Transport of Hydronium and Hydroxyl Ions in Water. The Journal of Chemical Physics , 103, 150-
161. https://doi.org/10.1063/1.469654 
 
[20] Tuckerman, M.E., Laasonen, K., Sprik, M. and Parrinello, M. (1995) Ab Initio Molecular Dynamics Simulation 
of the Solvation and Transport of H3O+ and OH− Ions in Water. The Journal of Physical Chemistry , 99, 5749-
5752. https://doi.org/10.1021/j100016a003 
 
[21] Marx, D., Tuckerman, M.E., Hutter, J., et al. (1999) The Nature of the Hydrated Excess Proton in Water. 
Nature , 397, 601-604. https://doi.org/10.1038/17579  
 



Oncothermia Journal, Volume 33, May 2023 61 
 

22] Csermely, P. (2009) Weak Links: A Universal Key of Network Diversity and Stability.  Springer, Berlin. 
https://doi.org/10.1007/978-3-540-31157-7_3  
 
[23] Szendro, P., Vincze, G. and Szasz, A. (2001) Pink-Noise Behaviour of Biosystems. European Biophysics 
Journal , 30, 227-231. https://doi.org/10.1007/s002490100143  
 
[24] Lakhtakia, A. (1995) Physical Fractals: Self-Similarity and Square-Integrability. Speculation in Science and 
Technology, 18, 153-156.  
 
[25] Zbilut, J.P. and Marwan, N. (2008) The Wiener-Khinchin Theorem and Recurrence Quantification. Physics 
Letters A, 372, 6622-6626. https://doi.org/10.1016/j.physleta.2008.09.027  
 
[26] Lin, Y.K. (1967) Probabilistic Theory of Structural Dynamics. McGraw-Hill, New York.  
 
[27] Aselli, G.B., Porta, A., Montano, N., Gnecchi-Ruscone, T., Lombardi, F. and Cerutti, S. (1992) Linear and Non-
Linear Effects in the Beat-by-Beat Variability of Sympathetic Discharge in Decerebrate Cats. 14th Annual 
International Conference of the IEEE Engineering in Medicine and Biology Society , Vol. 7, 482-483. 
https://doi.org/10.1109/IEMBS.1992.5761070 
 
[28] Strimbu, K. and Tavel, J.A. (2010) What Are Biomarkers? Current Opinion in HIV and AIDS, 5, 463-466. 
https://doi.org/10.1097/COH.0b013e32833ed177  
 
[29] Dash, P.K., Zhao, J., Hergenroeder, G. and Noore, A.N. (2010) Biomarkers for the Diagnosis, Prognosis, and 
Evaluation of Treatment Efficacy for Traumatic Brain Injury. Neurotherapeutics , 7, 100-114. 
https://doi.org/10.1016/j.nurt.2009.10.019  
 
[30] Henry, N.L. and Hayes, D.F. (2012) Cancer Biomarkers. Molecular Oncology , 6, 140-146. 
https://doi.org/10.1016/j.molonc.2012.01.010  
 
[31] Byrnes, S.A. and Weigl, B.H. (2018) Selecting Analytical Biomarkers for Diagnostic Applications: A First 
Principles Approach. Expert Review of Molecular Diagnostics , 18, 19-26. 
https://doi.org/10.1080/14737159.2018.1412258  
 
[32] Boessen, R., Heerspink, H.J.L., De Zeeuw, D.D., Grobbee, D.E., Groenwold, R.H.H. and Roes, K. (2014) 
Improving Clinical Trial Efficiency by Biomarker-Guided Patient Selection. Trials , 15, 103. 
http://www.trialsjournal.com/content/15/1/103 https://doi.org/10.1186/1745-6215-15-103  
 
[33] Ru, Y., Dancik, G.M. and Theodorescu, D. (2011) Biomarkers for Prognosis and Treatment Selection in 
Advanced Bladder Cancer Patients. Current Opinion in Urology , 21, 420-427. 
https://doi.org/10.1097/MOU.0b013e32834956d6  
 
[34] Sindo, Y., Hazama, S., Suzuki, N., Iguchi, H., Uesugi, K., et al. (2017) Predictive Biomarkers for the Efficacy 
of Peptide Vaccine Treatment: Based on the Results of a Phase II Study on Advanced Pancreatic Cancer. 
Journal of Experimental and Clinical Cancer Research, 36, 36. https://doi.org/10.1186/s13046-017-0509-1 
 
[35] Luckett, T., King, M.T., Butow, P.N., Oguchi, M., et al. (2011) Choosing between the EORTC QLQ-C30 and 
FACT-G for Measuring Health-Related Quality of Life in Cancer Clinical Research: Issues, Evidence and 
Recommendations. Annals of Oncology, 22, 2179-2190. https://doi.org/10.1093/annonc/mdq721 
 
[36] Evelyne (2018) Heart Rate Variability as a Prognostic Factor for Cancer Survival—A Systematic Review. 
Frontiers in Physiology , 9, Article No. 623. https://doi.org/10.3389/fphys.2018.00623 
 
[37] Lee, S.Y., Fiorentini, G., Szasz, A.M., Szigeti, Gy., Szasz, A. and Minnaar, C.A. (2020) Quo Vadis Oncological 
Hyperthermia (2020)? Frontiers in Oncology, 10, Article No. 1690. https://doi.org/10.3389/fonc.2020.01690 
 
[38] Lu, Y.M., et al . (2013) Deep Regional Hyperthermia Combined with Traditional Chinese Medicine in 
Treating Benign Diseases in Clifford Hospital. Oncothermia Journal , 7, 157-165. 
 
[39] Casadei, V., Sarti, D., Milandri, C., Dentico, P., Guadagni, S. and Fiorentini, C. (2020) Comparing the 
Effectiveness of Pain Therapy (PT) and Modulated Electro-Hyperthermia (mEHT) versus Pain Therapy Alone 
in Treating Patients with Painful Bony Metastases: An Observational Trial. In: Szasz, A., Ed., Challenges and 



62 Oncothermia Journal, Volume 33, May 2023 
 

Solutions of Oncological Hyperthermia , Cambridge Scholars, Washington DC, Ch. 15, 337-345. 
 
[40] Hegyi, G., Molnar, I., Mate, A. and Petrovics, G. (2017) Targeted Radiofrequency Treatment—Oncothermia 
Application in Non-Oncological Diseases as Special Physiotherapy to Delay the Progressive Development. 
Clinics and Practice , 14, 73-77. https://doi.org/10.4172/clinical-practice.100098 
 
[41] Zais, O. (2013) Lyme Disease and Oncothermia. Conference Papers in Medicine , 2013, Article ID: 275013. 
https://doi.org/10.1155/2013/275013 
 
[42] Theodor, W.H. (2003) Transcranial Magnetic Stimulation in Epilepsy. Epylepsy Currents , 3, 191-197. 
https://doi.org/10.1046/j.1535-7597.2003.03607.x  
 
[43] Nussbaum, E.L., Houghton, P., Anthony, J., Rennie, S., et al. (2017) Neuromuscular Electrical Stimulation 
for Treatment of Muscle Impairment: Critical Review and Recommendations for Clinical Practice. 
Physiotherapy Canada , 69, 1-76. https://doi.org/10.3138/ptc.2015-88 
 
[44] Liu, A., Voroslakos, M., Kronberg, G., Henin, S., et al. (2018) Immediate Neurophysiological Effects of 
Transcranial Electrical Stimulation. Nature Communications , 9, Article No. 2092. 
https://doi.org/10.1038/s41467-018-07233-7  
 
[45] Gershon, A.A., Dannon, P.N. and Grunhaus, L. (2003) Transcranial Magnetic Stimulation in the Treatment 
of Depression. American Journal of Psychiatry, 160, 835-845. http://ajp.psychiatryonline.org 
https://doi.org/10.1176/appi.ajp.160.5.835 
 
[46] Zygmunt, A. and Stanczyk, J. (2010) Methods of Evaluation of Autonomic Nervous System. Archives of 
Medical Science , 6, 11-18. https://doi.org/10.5114/aoms.2010.13500 
 
[47] Andersson, U. and Tracy, K.J. (2012) Neural Reflexes in Inflammation and Immunity. Journal of 
Experimental Medicine , 209, 1057-1068. https://doi.org/10.1084/jem.20120571 
 
[48] Berthoud, H.R. and Neuhuber, W.L. (2000) Functional and Chemical Anatomy of the Afferent Vagal 
System. Autonomic Neuroscience , 85, 1-17. https://doi.org/10.1016/S1566-0702(00)00215-0 
 
[49] Howland, R.H. (2014) Vagus Nerve Stimulation. Current Behavioral Neuroscience Reports , 1, 64-73. 
https://doi.org/10.1007/s40473-014-0010-5 
 
[50] Yap, J.Y.Y., Keatch, C., Lambert, E., Woods, W., et al. (2020) Critical Review of Transcutaneous Vagus Nerve 
Stimulation: Challenges for Translation to Clinical Practice. Frontiers in Neuroscience , 14, Article No. 284. 
https://doi.org/10.3389/fnins.2020.00284 
 
[51] Koopman, F.A., Chavan, S.S., Miljko, S., Grazio, S., et al. (2016) Vagus Nerve Stimulation Inhibits Cytokine 
Production and Attenuates Disease Severity in Rheumatoid Arthritis. PNAS, 113, 8284-8289. 
https://doi.org/10.1073/pnas.1605635113 
 
[52] Guo, Y., Koshy, S., Hui, D., Palmer, J.L., Shin, K., Bozkurt, M. and Yusuf, S.W. (2015) Prognostic Value of Heart 
Rate Variability in Patients with Cancer. Journal of Clinical Neurophysiology , 32, 516-520. 
https://doi.org/10.1097/WNP.0000000000000210 
 
[53] Teff, K.L. (2008) Visceral Nerves: Vagal and Sympathetic Innervation. Journal of Parenteral and Enteral 
Nutrition, 32, 569-571. https://doi.org/10.1177/0148607108321705 
 
[54] Mancino, M., Ametler, E., Gascon, P. and Almendro, V. (2011) The Neuronal Influence on Tumor 
Progression. Biochimica et Biophysica Acta (BBA)—Reviews on Cancer, 1816, 105-118. 
https://doi.org/10.1016/j.bbcan.2011.04.005 
 
[55] Wang, L., Xu, J., Xiai, Y., Yin, K., Li, Z., Li, B., Wand, W., Xu, H., Yang, L. and Xu,Z. (2018) Muscarinic 
Acetylcholine Receptor 3 Mediates Vagus Nerve-Induced Gastric Cancer. Oncogenesis , 7, 88. 
https://doi.org/10.1038/s41389-018-0099-6 
 
[56] Faulkner, S., Jobling, P., March, B. and Jiang, C.C. (2019) Tumor Neurobiology and the War of Nerves in 
Cancer. Cancer Discovery , 9, 702-710. https://doi.org/10.1158/2159-8290.CD-18-1398 



Oncothermia Journal, Volume 33, May 2023 63 
 

 
[57] Gidron, Y., Perry, H. and Glennie, M. (2005) Does the Vagus Nerve Inform the Brain about Pre-Clinical 
Tumours and Modulate Them? The Lancet Oncology , 6, 245-248. https://doi.org/10.1016/S1470-
2045(05)70096-6 
 
[58] Reijmen, E., Vannucci, L., De, Couck, M., De, Greve, J. and Gidron, Y. (2018) Therapeutic Potential of the 
Vagus Nerve in Cancer. Immunology Letters , 202, 38-43. https://doi.org/10.1016/j.imlet.2018.07.006 
 
[59] De, Visser, K.E. and Coussens, L.M. (2006) The Inflammatory Tumor Microenvironment and Its Impact on 
Cancer Development. Contributions to Microbiology, 13, 118-137. https://doi.org/10.1159/000092969 
 
[60] Pages, F., Galon, J., Dieu, Nosjean, M.C., Tartour, E., Sautes, Fridman, C. and Fridman, W.H. (2010) Immune 
Infiltration in Human Tumors: A Prognostic Factor That Should Not Be Ignored. Oncogene , 29, 1093-1102. 
https://doi.org/10.1038/onc.2009.416 
 
[61] Qian, B.Z. and Pollard, J.W. (2010) Macrophage Diversity Enhances Tumor Progression and Metastasis. 
Cell , 141, 39-51. https://doi.org/10.1016/j.cell.2010.03.014  
 
[62] Gidron, Y., De Couck, M., Schallier, D., De Greve, J., Van Laethem, J.L. and Marechal, R. (2018) The 
Relationship between a New Biomarker of Vagal Neuroimmunomodulation and Survival in Two Fatal Cancers. 
Journal of Immunology Research, 2018, Article ID: 4874193. https://doi.org/10.1155/2018/4874193 
 
[63] De Couck, M. and Caers, R. (2018) Why We Should Stimulate the Vagus Nerve in Cancer. Clinical Oncology, 
3, 1515. https://doi.org/10.1155/2018/1236787  
 
[64] Balasubramanian, K., Harikumar, K., Nagaraj, N. and Pati, S. (2017) Vagus Nerve Stimulation Modulated 
Complexity of Heart Rate Variability Differently during Sleep and Wakefulness. Annals of Indian Academy of 
Neurology , 20, 403-407. https://doi.org/10.4103/aian.AIAN_148_17 
 
[65] Goldberger, A.L. and West, B.J. (1987) Chaos in Physiology: Hearth or Disease? In: Degn, H., et al. , Eds., 
Chaos in Biological Systems , Springer Science + Business Media, New York, 1-4. https://doi.org/10.1007/978-
1-4757-9631-5_1 
 
[66] Mandell, A.J., Knapp, S., Ehlers, C.L. and Russo, P.V. (1983) The Stability of Constrained Randomness: 
Lithium Prophylaxis at Several Neurobiological Levels. In: Post, R.M. and Ballenger, J.C., Eds., Neurobiology of 
the Mood Disorders , Williams & Wilkins, Baltimore, 744-776. 
 
[67] Kobayashi, M. and Musha, T. (1982) 1/f Fluctuation of Heartbeat Period. IEEE Transactions on Biomedical 
Engineering , 29, 456-457. https://doi.org/10.1109/TBME.1982.324972 
 
[68] Trimmel, K., Sacha, J. and Huikuri, H.V. (2015) Heart Rate Variability: Clinical Applications and Interaction 
between HRV and Heart Rate. Frontiers Media, Lausanne. https://doi.org/10.3389/978-2-88919-652-4 
 
[69] Kleiger, R.E., Stein, D.S. and Bigger, M.D. (2005) Heart Rate Variability: Measurement and Clinical Utility. 
Annals of Noninvasive Electrocardiology , 10, 88-101. https://doi.org/10.1111/j.1542-474X.2005.10101.x 
 
[70] Malik, M. (1996) Heart Rate Variability. Standards of Measurement, Physiological Interpretation, and 
Clinical Use. Task Force of the European Society of Cardiology and the North American Society of Pacing and 
Electrophysiology. European Heart Journal, 17, 354-381. 
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868 
 
[71] Benichous, T., Pereira, B., Mermillod, M., Tauveron, I., et al. (2018) Heart Rate Variability in Type 2 Diabetes 
Mellitus: A Systematic Review and Meta-Analysis. PLoS ONE, 13, e0195166. 
https://doi.org/10.1371/journal.pone.0195166 
 
[72] Chou, Y.H., Huang, W.L., Chang, C.H., Yang, C.C.H., Kuo, T.B.J., et al. (2019) Heart Rate Variability as a 
Predictor of Rapid Renal Function Deterioration in Chronic Kidney Disease Patients. Nephrology (Carlton), 24, 
806-813. https://doi.org/10.1111/nep.13514 
 



64 Oncothermia Journal, Volume 33, May 2023 
 

[73] Da, Silva, V.P., Oliveira, B.R.R., Mello, R.G.T., Moraes, H., et al. (2018) Heart Rate Variability Indexes in 
Dementia: A Systematic Review with a Quantitative Analysis. Current Alzheimer Research, 15, 80-88. 
https://doi.org/10.2174/1567205014666170531082352 
 
[74] Jung, W., Jang, K.I. and Lee, S.H. (2018) Heart and Brain Interaction of Psychiatric Illness: A Review Focused 
on Heart Rate Variability, Cognitive Function, and Quantitative Electrocephalography. Clinical 
Psychopharmacology and Neuroscience , 17, 459-474. https://doi.org/10.9758/cpn.2019.17.4.459 
 
[75] Sajjadieh, A., Shahsavari, A., Safaei, A., Penzel, T., Schoebel, C., et al. (2020) The Association of Sleep 
Duration and Quality with Heart Rate Variability and Blood Pressure. Tanaffos , 19, 135-143. 
 
[76] Kopp, W.J., Synowski, S.J., Newel, M.E., Schmidt, L.A., et al. (2011) Autonomic Nervous System Reactivity to 
Positive and Negative Mood Induction: The Role of Acute Psychological Responses and Frontal Electrocortical 
Activity. Biological Psychology, 86, 230-238. https://doi.org/10.1016/j.biopsycho.2010.12.003 
 
[77] Sarlis, N.V., Skordas, E.S. and Varotsos, P.A. (2009) Heart Rate Variability in Natural Time and 1/f “Noise” . 
EPL, 87, 18003. https://doi.org/10.1209/0295-5075/87/18003 
 
[78] De Couck, M. and Gidron, Y. (2013) Norms of Vagal Nerve Activity, Indexed by Heart Rate Variability in 
Cancer Patients. Cancer Epidemiology , 37, 737-741. https://doi.org/10.1016/j.canep.2013.04.016 
 
[79] Arab, C., Dias, D.P.M., Barbosa, R.T., de Almeida, de Carvalho, T.D., et al. (2016) Heart Rate Variability 
Measure in Breast Cancer Patients and Survivors: A Systematic Review. Psychoneuroendocrinology, 68, 57-
68. https://doi.org/10.1016/j.psyneuen.2016.02.018 
 
[80] Lombardi, F., Montano, N., Finocchiaro, M.L., Gnecchi, Ruscone, T., Baselli, G., Cerutti, S. and Malliani, A. 
(1990) Spectral Analysis of Sympathetic Discharge in Decerebrate Cats. Journal of the Autonomic Nervous 
System, 30, S97-S99. https://doi.org/10.1016/0165-1838(90)90109-V 
 
[81] Task Force of the European Society of Cardiology the North American Society of Pacing Electrophysiology 
(1996) Heart Rate Variability: Standards of Measurement, Physiological Interpretation, and Clinical Use. 
Circulation, 93, 1043-1065.  
 
[82] Tulppo, M.P., Makikallio, T.H., Takala, T.E.S., Seppanen, T. and Huikuri, H.V. (1996) Quantitative Beat-to-
Beat Analysis of Heart Rate Dynamics during Exercise. American Journal of Physiology, 271, H244-H252. 
https://doi.org/10.1152/ajpheart.1996.271.1.H244 
 
[83] Acharya, R.U., Sing, O.W., Ping, L.Y. and Chua, T.L. (2004) Heart Rate Analysis in Normal Subjects of Various 
Age Groups. BioMedical Engineering OnLine , 3, 24. https://doi.org/10.1186/1475-925X-3-24 
 
[84] Kamen, P.W., Krum, H. and Tonkin, A.M. (1996) Poincare Plot of Heart Rate Variability Allows Quantitative 
Display of Parasympathetic Nervous Activity. Clinical Science, 91, 201-208. 
https://doi.org/10.1042/cs0910201 
 
[85] Roth, Y. (2018) Homeostasis Processes Expressed as Flashes in a Poincaré Sections. Journal of Modern 
Physics , 9, 2135-2140. https://doi.org/10.4236/jmp.2018.912134  
 
[86] Woo, M.A., Stevenson, W.G., Moser, D.K., Trelease, R.B. and Harper, R.H. (1992) Patterns of Beat-to-Beat 
Heart Rate Variability in Advanced Heart Failure. American Heart Journal , 123, 704-707. 
https://doi.org/10.1016/0002-8703(92)90510-3 
 
[87] Brennan, M., Palaniswami, M. and Kamen, P. (2001) Do Existing Measures of Poincare Plot Geometry 
Reflect Nonlinear Features of Heart Rate Variability? IEEE Transactions on Biomedical Engineering , 48, 1342-
1347. https://doi.org/10.1109/10.959330 
 
[88] Thu, T.N.P., Hernandez, A.I., Costet, N., Patural, H., Pichot, V., et al. (2019) Improving Methodology in Heart 
Rate Variability Analysis for the Premature Infants: Impact of the Time Length. PLoS ONE, 14, e0220692. 
https://doi.org/10.1371/journal.pone.0220692 
 



Oncothermia Journal, Volume 33, May 2023 65 
 

[89] Peng, C.K., Havlin, S., Stanley, H.E. and Goldberger, A.L. (1995) Quantification of Scaling Exponents and 
Crossover Phenomena in Nonstationary Heartbeat Time Series. Chaos , 5, 82-87. 
https://doi.org/10.1063/1.166141  
 
[90] Goldberger, A.L., Amaral, L.A.N., Hausdorff, J.M., Ivanov, P.C., Peng, C.K. and Stanley, H.E. (2002) Fractal 
Dynamics in Physiology: Alterations with Disease and Aging. PNAS, 99, 2466-2472. 
https://doi.org/10.1073/pnas.012579499 
 
[91] Ho, K.K.L., Moody, G.B., Peng, C.K., et al. (1997) Predicting Survival in Heart Failure Case and Control 
Subjects by Use of Fully Automated Methods for Deriving Nonlinear and Conventional Indices of Heart Rate 
Dynamis. Circulation, 96, 842-848. https://doi.org/10.1161/01.CIR.96.3.842 
 
[92] Goldberger, A.L., Bhargava, V., West, B. and Mandell, A.J. (1985) Some Observations on the Question: Is 
Ventricular Fibrillation “Chaos”? Physica D, 19, 282-289. https://doi.org/10.1016/0167-2789(86)90024-2 
 
[93] Goldberger, A.L., Bhargava, V. and West, B.J. (1985) Nonlinear Dynamics of Heartbeat, II. Subharmonic 
Bifurcations of the Cardiac Interbeat Interval in Sinus Node Disease. Physica D, 17, 207-214. 
https://doi.org/10.1016/0167-2789(85)90005-3  
 
[94] Goldberger, A.L. and West, B.J. (1987) Applications of Nonlinear Dynamics to Clinical Cardiology. Annals 
of the New York Academy of Sciences , 504, 195-213. https://doi.org/10.1111/j.1749-6632.1987.tb48733.x 
 
[95] Goldberger, A.L. (2006) Complex Systems. Proceedings of the American Thoracic Society , 3, 467-472. 
https://doi.org/10.1513/pats.200603-028MS  
 
[96] Turner, J.D. (1988) Frequency Domain Analysis. In: Instrumentation for Engineers, Palgrave, London, Ch. 
7, 159-179. https://doi.org/10.1007/978-1-4684-6300-2_7  
 
[97] Li, K., Rudiger, H. and Ziemssen, T. (2019) Spectral Analysis of Heart Rate Variability: Time Window 
Matters. Frontiers in Neurology , 10, Article No. 545. https://doi.org/10.3389/fneur.2019.00545 
 
[98] Shaffer, F. and Ginsberg, J.P. (2017) An Overview of Heart Rate Variability Metrics and Norms. Frontiers in 
Public Health, 5, Article No. 258. https://doi.org/10.3389/fpubh.2017.00258 
 
[99] Owens, A.P. (2020) The Role of Heart Rate Variability in the Future of Remote Digital Diomarkers. 
Frontiers in Neuroscience , 14, Article ID: 582145. https://doi.org/10.3389/fnins.2020.582145 
 
[100] Fossion, R., Rivera, A.L. and Estanol, B. (2018) A Physicist’s View of Homeostasis: How Time Series of 
Continuous Monitoring Reflect the Function of Physiological Variabilities in Regulatory Mechanisms. 
Physiological Measurement , 39, Article ID: 084007. https://doi.org/10.1088/1361-6579/aad8db 
 
[101] Riganello, F., Garbarino, S. and Sannita, W.G. (2012) Heart Rate Variability, Homeostasis, and Brain 
Function: A Tutorial and Review of Application. Journal of Psychophysiology , 26, 178-203. 
https://doi.org/10.1027/0269-8803/a000080  
 
[102] De Couck, M., Caers, R., Spiegel, D. and Gidron, Y. (2018) The Role of the Vagus Nerve in Cancer Prognosis: 
A Systematic and a Comprehensive Review. Journal of Oncology, 2018, Article ID: 1236787. 
https://doi.org/10.1155/2018/1236787 
 
[103] Cooper, T.M., McKinley, P.S., Seeman, T.E., Choo, T.H., Lee, S. and Sloan, R.P. (2015) Heart Rate Variability 
Predicts Levels of Inflammatory Markers: Evidence for the Vagal Anti-Inflammatory Pathway. Brain, 
Behavior, and Immunity, 49, 94-100. https://doi.org/10.1016/j.bbi.2014.12.017 
 
[104] Ohira, H., Matsunaga, M., Osumi, T., Fukuyama, S., Shinoda, J., Yamada, J. and Gidron, Y. (2013) Vagal Nerve 
Activity as a Moderator of Brain-Immune Relationships. Journal of Neuroimmunology , 260, 28-36. 
https://doi.org/10.1016/j.jneuroim.2013.04.011 
 
[105] Young, H.A. and Benton, D. (2018) Heart-Rate Variabiity: A Biomarker to Study the Influence of Nutrition 
on Physiological and Psychological Health? Behavioural Pharmacology, 29, 140-151. 
https://doi.org/10.1097/FBP.0000000000000383  
 



66 Oncothermia Journal, Volume 33, May 2023 
 

[106] Hayano, J. and Yuda, E. (2019) Pitfalls of Assessment of Autonomic Function by Heart Rate Variability. 
Journal of Physiological Anthropology, 38, Article No. 3. https://doi.org/10.1186/s40101-019-0193-2 
 
[107] Quintana, D.S. and Heathers, A.J. (2014) Considerations in the Assessment of Heart Rate Variability in 
Biobehavioral Research. Frontiers in Psychology , 5, Article No. 805. 
https://doi.org/10.3389/fpsyg.2014.00805 
 
[108] Szasz, A. and Szasz, O. (2020) Time-Fractal Modulation of Modulated Electro-Hyperthermia (mEHT). In: 
Szasz, A., Ed., Challenges and Solutions of Oncological Hyperthermia , Cambridge Scholars, Washington DC, 
Ch. 17, 377-415. 
 
[109] Szasz, A.M., Minnaar, C.A., Szentmartoni, Gy., et al . (2019) Review of the Clinical Evidences of Modulated 
Electro-Hyperthermia (mEHT) Method: An Update for the Practicing Oncologist. Frontiers in Oncology , 9, 
Article No. 1012. https://doi.org/10.3389/fonc.2019.01012 
 
[110] Szasz, O. (2020) Local Treatment with Systemic Effect: Abscopal Outcome. In: Szasz, A., Ed., Challenges 
and Solutions of Oncological Hyperthermia , Cambridge Scholars, Washington DC, Ch. 11, 192-205. 
 
[111] Minnaar, C.A., Kotzen, J.A., Ayeni, O.A., et al . (2020) Potentiation of the Abscopal Effect by Modulated 
Electro-Hyperthermia in Locally Advanced Cervical Cancer Patients. Frontiers in Oncology, 10, Article No. 376. 
https://doi.org/10.3389/fonc.2020.00376 
 
[112] Andocs, G., Szasz, O. and Szasz, A. (2009) Oncothermia Treatment of Cancer: From the Laboratory to 
Clinic. Electromagnetic Biology and Medicine , 28, 148-165. https://doi.org/10.1080/15368370902724633 
 
[113] Yang, K.L., Huang, C.C., Chi, M.S., Chiang, H.C., Wang, Y.S. andocs, G., et al. (2016) In Vitro Comparison of 
Conventional Hyperthermia and Modulated Electro-Hyperthermia. Oncotarget, 7, 84082-84092. 
https://doi.org/10.18632/oncotarget.11444 
 
[114] Wust, P., Ghadjar, P., Nadobny, J., et al. (2019) Physical Analysis of Temperature-Dependent Effects of 
Amplitude-Modulated Electromagnetic Hyperthermia. International Journal of Hypertension, 36, 1246-1254. 
https://doi.org/10.1080/02656736.2019.1692376 
 
[115] Wust, P., Kortum, B., Strauss, U., Nadobny, J., Zschaeck, S., Beck, M., et al. (2020) Non-Thermal Effects of 
Radiofrequency Electromagnetic Fields. Scientific Reports , 10, Article No. 13488. 
https://doi.org/10.1038/s41598-020-69561-3 
 
[116] Wust, P., Nadobny, J., Zschaeck, S. and Ghadjar, P. (2020) Physics of Hyperthermia—Is Physics Really 
against Us? In: Szasz, A., Ed., Challenges and Solutions of Oncological Hyperthermia , Cambridge Scholars, 
Washington DC, Ch. 16, 346-376. 
 
[117] Chang, R.B. (2019) Body Thermal Responses and the Vagus Nerve. Neuroscience Letters , 698, 209-216. 
https://doi.org/10.1016/j.neulet.2019.01.013 
 
[118] Andocs, G., Rehman, M.U., Zhao, Q.L., Tabuchi, Y., Kanamori, M. and Kondo, T. (2016) Comparison of 
Biological Effects of Modulated Electro-Hyperthermia and Conventional Heat Treatment in Human 
Lymphoma U937 Cell. Cell Death Discovery , 2, 16039. https://doi.org/10.1038/cddiscovery.2016.39 
 
[119] Andocs, G., Rehman, M.U., Zhao, Q.L., Papp, E., Kondo, T. and Szasz, A. (2015) Nanoheating without 
Artificial Nanoparticles Part II. Experimental Support of the Nanoheating Concept of the Modulated Electro-
Hyperthermia Method, Using U937 Cell Suspension Model. Biology and Medicine , 7, 1-9. 
https://doi.org/10.4172/0974-8369.1000247 
 
[120] Szasz, A. (2019) Thermal and Nonthermal Effects of Radiofrequency on Living State and Applications as 
an Adjuvant with Radiation Therapy. Journal of Radiation and Cancer Research, 10, 1-17. 
https://doi.org/10.4103/jrcr.jrcr_25_18 
 
[121] Danics, L., Schvarcz, Cs., Viana, P., et al. (2020) Exhaustion of Protective Heat Shock Response Induces 
Significant Tumor Damage by Apoptosis after Modulated Electro-Hyperthermia Treatment of Triple Negative 
Breast Cancer Isografts in Mice. Cancers , 12, 2581. https://doi.org/10.3390/cancers12092581 
 



Oncothermia Journal, Volume 33, May 2023 67 
 

[122] Forika, G., Balogh, A., Vancsik, T., Zalatnai, A., et al. (2020) Modulated Electro-Hyperthermia Resolves 
Radioresistance of Panc1 Pancreas Adenocarcinoma and Promotes DNA Damage and Apoptosis in Vitro. 
International Journal of Molecular Sciences , 21, 5100. https://doi.org/10.3390/ijms21145100 
 
[123] Krenacs, T., Meggyeshazi, N., Forika, G., et al. (2020) Modulated Electro-Hyperthermia-Induced Tumor 
Damage Mechanisms Revealed in Cancer Models. International Journal of Molecular Sciences , 21, 6270. 
https://doi.org/10.3390/ijms21176270 
 
[124] Scheff, J.D., Griffel, B., Corbett, S.A., Calvano, S.E., et al. (2014) On Heart Rate Variability and Autonomic 
Activity in Homeostasis and in Systemic Inflammation. Mathematical Biosciences , 252, 36-44. 
https://doi.org/10.1016/j.mbs.2014.03.010 
 
[125] Goldberger, A.L., Bhargava, V., West, B.J. and Mandell, A.J. (1985) On a Mechanism of Cardiac Electrical 
Stability, the Fractal Hypothesis. Biophysics Journal , 48, 525-528. https://doi.org/10.1016/S0006-
3495(85)83808-X 
 
[126] Kauffman, S.A. and Johnsen, S. (1991) Coevolution to the Edge of Chaos: Coupled Fitness Landscapes, 
Poised States, and Coevolutionary Avalanches. Journal of Theoretical Biology, 149, 467-505. 
https://doi.org/10.1016/S0022-5193(05)80094-3  
 
[127] Bak, P., Tang, C. and Wiesenfeld, K. (1988) Self-Organized Criticality. Physical Review A , 38, 364-374. 
https://doi.org/10.1103/PhysRevA.38.364  
 
[128] Lewin, R. (1992) Complexity, Life at the Edge of Chaos. University of Chicago Press, Chicago. 
 
[129] Ito, K. and Gunji, Y.P. (1994) Self-Organisation of Living Systems towards Criticality at the Edge of Chaos. 
Biosystems , 33, 17-24. https://doi.org/10.1016/0303-2647(94)90057-4 
 
[130] Prigogine, I. and Stengers, I. (1985) Order out of Chaos. Flamingo, London. 
https://doi.org/10.1063/1.2813716  
 
[131] Calaprice A. (2000) The Expanded Quotable Einstein. Princeton University Press, Princeton, 456.  
 
[132] Bernardes, A.T. and dos Santos, R.M. (1997) Immune Network at the Edge of Chaos. Journal of Theoretical 
Biology, 186, 173-187. https://doi.org/10.1006/jtbi.1996.0316 
 
[133] Bertschinger, N. and Natschlager, T. (2004) Real-Time Computation at the Edge of Chaos in Recurrent 
Neural Networks. Neural Computation, 16, 1413-1436. https://doi.org/10.1162/089976604323057443 
 
[134] Stokic, D., Hanel, R. and Thurner, S. (2008) Inflation of the Edge of Chaos in a Simple Model of Gene 
Interaction Networks. Physical Review E, 77, Article ID: 061917. https://doi.org/10.1103/PhysRevE.77.061917 
 
[135] Kauffman, S., Hill, C., Hood, L. and Huang, S. (2014) Transforming Medicine: A Manifesto, Scientific 
American-World View. 
https://web.archive.org/web/20140713110927/http://www.saworldview.com/specialreport-
cancer/transforming-medicine-a-manifesto 
 
[136] Eke, A., Hermán, P., Bassingthwaighte, J.B., Raymond, G.M., Percival, D.B., Cannon, M., Balla, I. and Ikrényi, 
C. (2000) Physiological Time Series: Distinguishing Fractal Noises from Motions. Pflügers Archiv—European 
Journal of Physiology, 439, 403-415. https://doi.org/10.1007/s004249900135 
 
[137] Barunik, J. and Kristoufek, L. (2010) On Hurst Exponent Estimation under Heavy-Tailed Distributions. 
Physica A: Statistical Mechanics and Its Applications, 389, 3844-3855. 
https://doi.org/10.1016/j.physa.2010.05.025 
 
[138] Beran, J. (1994) Statistics for Long-Memory Processes. Taylor & Francis, London. 
 
[139] Arneodo, A., Audit, B., Kestener, P. and Roux, S. (2008) Wavelet-Based Multifractal Analysis. 
Scholarpedia , 3, 4103. https://doi.org/10.4249/scholarpedia.4103  
 



68 Oncothermia Journal, Volume 33, May 2023 
 

[140] Ivanov, P.Ch., Amaral, L.A.N., Goldberger, A.L., Havlin, S., Rosenblum, M.G., et al. (2001) From 1/f Noise to 
Multifractal Cascades in Heartbeat Dynamics. Chaos , 11, 641-652. https://doi.org/10.1063/1.1395631 
 
[141] Ivanov, P.Ch., Amaral, L.A.N., Goldberger, A.L., Havlin, S., Rosenblum, M.G., Struzik, Z.R. and Stanley, H.E. 
(1999) Multifractality in Human Heartbeat Dynamics. Nature , 399, 461-465. https://doi.org/10.1038/20924 
 
[142] Kravitz, R.L., Duan, N. and Braslow, J. (2004) Evidence-Based Medicine, Heterogeneity, and the Trouble 
with Averages. The Milbank Quarterly , 82, 661-687. https://doi.org/10.1111/j.0887-378X.2004.00327.x 
 
[143] Imai, J. (2021) Regulation of Adaptive Cell Proliferation by Vagal Nerve Signals for Maintenance of 
Whole-Body Homeostasis: Potential Therapeutic Target for Insulin-Deficient Diabetes. Tohoku Journal of 
Experimental Medicine , 254, 245-252. https://doi.org/10.1620/tjem.254.245 
 
[144] Matteoli, G. and Boeckxstaens, G.E. (2013) The Vagal Innervation of the Gut and Immune Homeostasis. 
Gut , 62, 1214-1222. https://doi.org/10.1136/gutjnl-2012-302550 
 
[145] Szigeti, Gy.P., Szasz, O. and Hegyi, G. (2020) Experiment with Personalised Dosing of Hyperthermia. In: 
Ito, S., Ed., Current Topics in Medicine and Medical Research, Chapter 15, Vol. 3, Book Publisher International, 
New York, 140-157. 
 
[146] Szasz, A. (2013) Challenges and Solutions in Oncological Hyperthermia. Thermal Medicine , 29, 1-23. 
https://doi.org/10.3191/thermalmed.29.1  
 
[147] Ferenczy, G.L. and Szasz, A. (2020) Technical Challenges and Proposals in Oncological Hyperthermia. In: 
Szasz, A., Ed., Challenges and Solutions of Oncological Hyperthermia , Ch. 3, Cambridge Scholars, Cambridge, 
72-90. 
 
[148] Szasz, A. (2014) Oncothermia: Complex Therapy by EM and Fractal Physiology. 31th URSI General 
Assembly and Scientific Symposium (URSI GASS ), Beijing, 20 October 2014, 1-4. 
https://doi.org/10.1109/URSIGASS.2014.6930100 
 
[149] Szasz, A. (2015) Bioelectromagnetic Paradigm of Cancer Treatment Oncothermia. In: Rosch, P.J., Ed., 
Bioelectromagnetic and Subtle Energy Medicine , CRC Press, Boca Raton, 323-336. 
 
[150] Zhao, H., Raines, L.N. and Huang, S. (2020) Molecular Chaperones: Molecular Assembly Line Brings 
Metabolism and Immunity in Shape. Metabolites , 10, 394. https://doi.org/10.3390/metabo10100394 
 
[151] Prohaszka, Z. (2007) Chaperones as Part of Immune Networks. In: Csermely, P. and Vigh, L., Eds., 
Molecular Aspects of the Stress Response : Chaperones , Membranes and Networks , Landes Bioscience and 
Springer Science + Business Media, Ch. 14, Berlin, 159-166. https://doi.org/10.1007/978-0-387-39975-1_14 
 
[152] Chavan, S.S., Pavlov, V.A. and Tracey, K.J. (2017) Mechanisms and Therapeutic Relevance of Neuro-
Immune Communication. Immunity , 46, 927-942. https://doi.org/10.1016/j.immuni.2017.06.008 
 
[153] Kuwabara, S., Goggins, E. and Tanaka, S. (2021) Neuroimmune Circuits Activated by Vagus Nerve 
Stimulation. Nephron, 1-5. https://doi.org/10.1159/000518176 
 
[154] Parent, R. (2019) The Potential Implication of the Autonomic Nervous System in Hepatocellular 
Carcinoma. Cellular and Molecular Gastroenterology and Hepatology, 8, 145-148. 
https://doi.org/10.1016/j.jcmgh.2019.03.002 
 
[155] Szasz, A. (2020) Towards the Immunogenic Hyperthermic Action: Modulated Electro-Hyperthermia, 
Clinical Oncology and Research. Science Repository , 3, 5-6. https://doi.org/10.31487/j.COR.2020.09.07 
 
[156] Tsang, Y.W., Huang, C.C., Yang, K.L., Chi, M.S., Chiang, H.C., Wang, Y.S., Andocs, G., Szasz, A., Li, W.T. and 
Chi, K.H. (2015) Improving Immunological Tumor Microenvironment Using Electro-Hyperthermia Followed by 
Dendritic Cell Immunotherapy. Oncothermia Journal , 15, 55-66. https://doi.org/10.1186/s12885-015-1690-2 
 
[157] Qin, W., Akutsu, Y., Andocs, G., et al . (2014) Modulated Electro-Hyperthermia Enhances Dendritic Cell 
Therapy through an Abscopal Effect in Mice. Oncology Reports , 32, 2373-2379. 
https://doi.org/10.3892/or.2014.3500 



Oncothermia Journal, Volume 33, May 2023 69 
 

 
[158] Van, Gool, S.W., Makalowski, J., Feyen, O., Prix, L., Schirrmacher, V. and Stuecker, W. (2018) The Induction 
of Immunogenic Cell Death (ICD) during Maintenance Chemotherapy and Subsequent Multimodal 
Immunotherapy for Glioblastoma (GBM) . Austin Oncology Case Reports , 3, 1-8. 
 
[159] Mantovani, A., Allavena, P., Sica, A. and Balkwill, F. (2008) Cancer-Related Inflammation. Nature , 454, 
436-444. https://doi.org/10.1038/nature07205  
 
[160] De Couck, M., Marechal, R., Moorthamers, S., Van, Laethem, J.L. and Gidron, Y. (2016) Vagal Nerve Activity 
Predicts Overall Survival in Metastatic Pancreatic Cancer, Mediated by Inflammation. Cancer Epidemiology , 
40, 47-51. https://doi.org/10.1016/j.canep.2015.11.007 
 
[161] Kim, K., Chae, J. and Lee, S. (2015) The Role of Heart Rate Variability in Advanced Non-Small-Cell Lung 
Cancer Patients. Journal of Palliative Care , 31, 103-108. https://doi.org/10.1177/082585971503100206 
 
[162] Zhou, X., Ma, Z., Zhan, L., Zhu, S., Wang, J., Wang, B. and Fu, W. (2016) Heart Rate Variability in the 
Prediction of Survival in Patients with Cancer: A Systematic Review and Meta-Analysis. Journal of 
Psychosomatic Research, 89, 20-25. https://doi.org/10.1016/j.jpsychores.2016.08.004 
 
[163] Kim, D.H., Kim, J.A., Choi, Y.S., Kim, S.H., Lee, J.Y. and Kim, Y.E. (2010) Heart Rate Variability and Length of 
Survival in Hospice Cancer Patients. Journal of Korean Medical Science , 25, 1140-1145. 
https://doi.org/10.3346/jkms.2010.25.8.1140 
 
[164] Kloter, E., Barrueto, K., Klein, S.D., Scholkmann, F. and Wolf, U. (2018) Heart Rate Variability as a 
Prognostic Factor for Cancer Survival—A Systematic Review. Frontiers in Physiology , 9, Article No. 623. 
https://doi.org/10.3389/fphys.2018.00623  
 
[165] Hu, S., Lou, J., Zhang, Y. and Chen, P. (2018) Low Heart Rate Variability Relates to the Progression of 
Gastric Cancer. World Journal of Surgical Oncology, 16, 49. https://doi.org/10.1186/s12957-018-1348-z 
 
[166] Mouton, C., Ronson, A., Racavi, D., Delhaye, F., Kupper, N., Paesmans, M., Moreau, M., Nogaret, J.M., 
Hendisz, A. and Gidron, Y. (2012) The Relationship between Heart Rate Variability and Time-Course of 
Carcinoembryonic Antigen in Colorectal Cancer. Autonomic Neuroscience : Basic and Clinical , 166, 96-99. 
https://doi.org/10.1016/j.autneu.2011.10.002 
 
[167] Chiang, J.K., Moo, M., Kuo, T.B.J. and Fu, C.H. (2010) Association between Cardiovascular Autonomic 
Functions and Time to Death in Patients with Terminal Hepatocellular Carcinoma. Journal of Pain and 
Symptom Management , 39, 673-679. https://doi.org/10.1016/j.jpainsymman.2009.09.014 
 
[168] De Couck, M., Van Brummelen, D., Schallier, D., De Greve, J. and Gidron, Y. (2013) The Relationship 
between Vagal Nerve Activity and Clinical Outcomes in Prostate and Non-Small Cell Lung Cancer Patients. 
Oncology Reports , 30, 2435-2441. https://doi.org/10.3892/or.2013.2725 
 
[169] Giese-Davis, J., Wilhelm, F.H., Tamagawa, R., Palesh, O., Neri, E., Taylor, C.B., Kraemer, H.C. and Spiegel, D. 
(2015) Higher Vagal Activity as Related to Survival in Patients with Advanced Breast Cancer: An Analysis of 
Autonomic Dysregulation. Psychosomatic Medicine, 77, 346-355. 
https://doi.org/10.1097/PSY.0000000000000167 
 
[170] Wang, Y.M., Wu, H.T., Huang, E.Y., Kou, Y.R. and H, S.S. (2013) Heart Rate Variability Is Associated with 
Survival in Patients with Brain Metastasis: A Preliminary Report. BioMedResearch International , 2013, Article 
ID: 503421. https://doi.org/10.1155/2013/503421 
 
[171] De Couck, M., Mravec, B. and Gidron, Y. (2012) You May Need the Vagus Nerve to Understand 
Pathophysiology and to Treat Diseases. Clinical Science , 122, 323-328. https://doi.org/10.1042/CS20110299 
 
[172] Kaniuysas, E., Kampusch, S., Tittgemeyer, M., Panetsos, F., Gines, R.F., et al. (2019) Currentdirections in 
the Auricular Vagus Nerve Stimulation I—A Physiological Perspective. Frontiers in Neuroscinece , 13, Article 
No. 854. https://doi.org/10.3389/fnins.2019.00854 
 

 


